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Abstract 
My research informs the development of future generations of persuasive designs 
helping individuals to conserve resources. I developed a new conceptual approach 
to providing resource consumption feedback to people, recognising that 
individuals are motivated by different attitudes, behaviours, and beliefs. This novel 
approach engendered lasting reduction in resource consumption and sustained 
interactions.  
 
The study’s timeliness and significance is supported by current trends, such as 
participatory culture, ubiquitous technology (small, embedded, and accessible), 
real-time information (sensor networks, location-based services, and mobile 
devices), and the resultant challenges and opportunities that are emerging for the 
application of human-computer interaction on these platforms. 
 
My research encompassed three case studies, the first, and smaller case, focuses on 
paper and professional staff in an office environment, the latter two larger cases 
focus on energy and individuals within a domestic environment.  
 
The energy case studies sought to engender an attitudinal shift towards more 
informed domestic energy conservation, achieved through the installation of, and 
development work centred on, real-time in-situ electricity monitors homes. As 
Fitzpatrick & Smith (2009) report, domestic energy consumption remains largely 
invisible and intangible to consumers, and there is scant evidence supporting the 
effectiveness of current implementations (Darby 2010, Pierce et. al. 2010).  
 
To challenge this perception, my research explored techniques to educate and 
interact with users, providing channels for personal expressions of creativity and 
methods to participate in, and contribute to, digital culture. Further, my study 
encouraged users to conduct their own research, share, collaborate and compete 
naturally with others on the basis of their accrued energy data.  
 
 iii 
The paper case study delivered a greater understanding among professional staff of 
the impact their individual printing can have. Staff were reminded of what their 
current usage equates to in different metrics, and additionally, encouraged to 
conserve paper using descriptive and injunctive normative information. In a year-
long replication study, a team focus was chosen with teams able to compare and 
compete amongst one another. A unique contribution to knowledge by this study 
was the finding that despite the impact of printing mandated by ‘business as usual’ 
practises in offices, and individuals who printed more over the monitored period, 
teams printed less when aided by weekly feedback accurately conveying their 
consumption using a range of metrics and persuasive methods. 
 
This research delivers an innovative approach for conveying resource monitoring 
to individuals and teams using persuasive designs. The findings also provide strong 
evidence, and conclusions, around the specific behaviours which an individual is 
likely to change, and the factors that are likely to influence their propensity to live 
a more sustainable lifestyle. My original contribution to knowledge is found 
through the deployment of several persuasive designs, demystifying the factors 
that contribute to engagement with, and understanding of, real-time resource 
monitoring in areas of emerging research and business interest. 
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 1 
1 Introduction 
In this dissertation I describe how my research addresses a gap in knowledge 
surrounding persuasive designs helping individuals to engage with, reflect upon, 
and take action in order to reduce their resource consumption over longer time 
periods. Three longitudinal case studies with multiple components are carried out, 
drawing heavily on human-computer interaction literature to develop, deploy, 
and evaluate different persuasive designs. This introduction and the related 
material within this chapter aim to set the scene, giving the reader a clear picture 
of my motivations, along with a brief narrative about the timeliness and relevance 
of the resources investigated.  
 
My case studies consider use of two resources: 
 An intangible resource; electricity - within homes 
 A tangible resource; printed paper - within offices 
Energy and paper are two prominent resources consumed in everyday living. They 
are also two resources with long-running government and grass-roots campaigns 
educating individuals about the costs associated with use, waste, and impact upon 
the environment. These two resources also represent areas of increasing research 
interest, where HCI is positioned to make a compelling, and continued, 
contribution through more granular and regular feedback mechanisms to 
individuals.  
 
I supply evidence of sustained engagement with applications developed as part of 
this research, in real world deployments by socially isolated and linked 
individuals. For some of these applications, groups of excellence (Kerr & Tindale, 
2004) or communities of practise (Etienne, MacDermott, & Snyder, 2002), emerge, 
resulting in sustained reductions in resource consumption months after their 
introduction, and the conclusion of studies. Wherever appropriate, results are 
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interpreted to provide transferability, supplying recommendations for resources 
that an individual consumes within their daily life, rather than only in terms of 
units of electricity or paper.  
 
Global warming is unequivocally happening (Barnosky et al., 2012; Hooper et al., 
2012; NASA, 2012; Solomon et al., 2007) and provides motivation and focus for my 
research. The timeliness of this research is supported by Barnosky et. al (2012) 
who warn that we are approaching a tipping point in the Earth’s biosphere, from 
which damage done by humans will be irreversible. The dire nature of these 
warnings has spurred technological innovation and invention, with each new 
device seeking to contribute in some small way to a more sustainable future. One 
technology produced to help the general public reduce their environmental 
impact around the home, and the focus of one of my case studies, is the real-time 
electricity monitor.  
 
At their simplest, these electricity monitors provide semi-accurate readings of the 
current electricity consumption around the home in real-time. These monitors 
have often been marketed to individuals as a means of monitoring consumption, 
and by extension, reducing energy consumption by up to 20% (McTurk, 2010). 
Whether the deployed monitors have a lasting effect is now a real question within 
field literature (Darby, 2010). Throughout my research, the deployment costs of 
one brand of real-time electricity monitors were subsidised by the Queensland 
State Government and the Brisbane City Council with over 335,000 deployed 
devices ("An Important Announcement from the ClimateSmart Home Service," 
2012). The affordances and limitations of these electricity monitors offered 
motivation for my research, and the point of departure forward from the global 
warming debate. Establishing a clear link between the use of energy monitors and 
a reduction in climate change is not the purpose of this research.  
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When considering the impact human-computer interaction (HCI) can have on the 
daily resource consumption of individuals, another highly relevant source of 
individual resource consumption is paper use within offices. The reasons why an 
individual consumes paper in an office are mediated by the expectations of their 
job role, or office culture (R. Medland, 2010). The methods used to motivate 
individuals within these environments are, however, analogous to those applied to 
electricity use within the home (see Cialdini, 2003). Within the office 
environment it is not the individual who has changed necessarily, but the 
perceived level of control over their actions, versus a third-party (Pierce, Odom, & 
Blevis, 2008).  
 
Technology and particularly HCI, are often an enabler, empowering individuals 
within their environment, providing opportunities for reflection at highly 
relevant moments in time and space (Dourish, 2010). These affordances, along 
with the increasing ubiquity of internet enabled always-on smart devices, can 
empower individuals to make real and lasting lifestyle changes mitigating their 
impact upon the environment. Finding the time, or committing to these changes, 
however, requires effort on the part of already busy individuals (Strengers, 2008), 
and often the establishment of a connection between using an appliance in the 
home, the consumption of electricity, and the resultant pollution (Fitzpatrick & 
Smith, 2009). Recent advances in resource monitoring technology enable 
individuals to cost-effectively assess in real-time their consumption. Having access 
to such data at contextually relevant times helps people to connect their electricity 
use to the costs (Becker, 1978; R. De Young, 1993) and resources consumed as part 
of their actions (Darby, 1999).  
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1.1 Statement of the Research Problem  
The ability to accurately assess the resources consumed in the course of daily 
living – paper, petrol, energy, or any number of other resources – is useful. The 
insights provided to an individual on their environmental impact can have long-
term flow on effects (Upham et al., 2009), changing their attitudes and behaviours 
(Abrahamse, Steg, Vlek, & Rothengatter, 2007). For resources consumed around 
the home, providing sufficiently granular feedback to an individual, so as to 
facilitate reflection upon their actions, and take steps to change them, is 
challenging. These everyday actions are mediated by social, cultural, technical and 
institutional dynamics (Strengers, 2011). The context within which an individual 
finds them self may, for example, have strong societal norms, or learned 
expectations, attached to the action they wish to take. HCI, and more specifically 
persuasive designs, make the data that individuals find useful, or require, to make 
changes to their everyday actions readily accessible at highly relevant moments in 
time and space (Foth, Choi, & Satchell, 2011). Presenting feedback during these 
moments helps individuals to reflect upon their attitudes and in turn make 
changes to their behaviour (Abrahamse, Steg, Vlek, & Rothengatter, 2005).  
 
A range of interfaces designed to visualise the various resources consumed as part 
of daily living exist (Dillahunt, Becker, Mankoff, & Kraut, 2008; Froehlich et al., 
2009; He, Greenberg, & Huang, 2009). Drawing on the findings of these and other 
studies, my research combined real-time data sensing with interfaces leveraging 
feedback methods previously applied with success by other researchers. I then 
extend these findings by implementing other, new and novel persuasive methods, 
for conveying resource consumption to individuals. As a result, my case studies are 
able to conclude with factors that motivate or inhibit individuals, to use or 
contribution to, resource monitoring technologies. 
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1.2 Research Questions 
The following two research questions (RQ) guide my research in exploring the 
themes discussed above and how they may be applied to reducing resource 
consumption, in an HCI context. 
 
RQ1: Over longer time periods do persuasive methods promote environmentally 
conscious behaviour? 
 
Answering this question is important for my research as it establishes whether 
environmental psychology literature dating from previous decades (Becker, 1978; 
Hutton, Mauser, Filiatrault, & Ahtola, 1986; Seligman & Darley, 1977; Shaw, 1961; 
Yates & Aronson, 1983), and emerging HCI literature seeking to apply the tenants 
(Abrahamse et al., 2007; S. Consolvo et al., 2008; Darby, 2006; Froehlich et al., 
2009; Petersen, Shunturov, Janda, Platt, & Weinberger, 2007; Pierce et al., 2008; 
Strengers, 2008), accurately depict the effectiveness and efficacy of different 
feedback mechanisms in providing targeted feedback to people. It is a not 
uncommon criticism of HCI interventions in this space that they are often begun 
and ended within a matter of weeks limiting the generalizability of their results 
(Pierce, Fan, Lomas, Marcu, & Paulos, 2010).  
 
RQ2: What are persuasive designs that will effectively promote behavioural 
change towards lifestyles with reduced resource consumption? How can these 
designs be tailored to the needs and preferences of different people? 
 
RQ2 is a design question requiring the iterative design, test, and deployment of 
different persuasive designs to arrive at a suitable answer. User centred design fits 
this approach well, and is augmented by the marriage in my research to the 
methods used by a case study to gather evidence. Each design was assessed against 
whether it helped promote lifestyles with reduced resource consumption.  
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RQ2 also takes the philosophical position (as discussed in the previous conceptual 
framework chapter) that people are inherently different, asking how the 
persuasive technologies developed can be co-opted or modified to match their 
individualised array of attitudes, desires and beliefs (Darby, 2010; Froehlich, 
Findlater, & Landay, 2010; He et al., 2009; Steg & Vlek, 2009).  
1.3 Rationale and Background 
My research is part of the Smart Futures Fellowship program of research (2009 – 
2011) conducted by Assoc. Prof. Marcus Foth (QUT RM 2009000003 – Ubiquitous 
Computing to Bring Real-time Environmental Data into the Homes and Hands of 
Queensland Residents): to develop technologies that enhance consumers ability to 
lead more sustainable lifestyles. For more details on this collaboration please refer 
to Chapter 4.  
 
My research is a piece of the puzzle to better independent resource conservation 
within Australian households and offices, understanding where existing 
interventions have failed, and developing strategies to inform the direction for 
future research and commercial offerings. My research also builds upon 
burgeoning technical opportunities that can be amplified, augmented or realised 
in an urban environment.  
 
Simply providing people with environmental data and educational information – 
via mass media such as print and television, or micro-communications such as 
sensor networks – does not necessarily trigger sufficient motivation for 
behavioural change towards an ongoing environmentally friendly lifestyle (Darby, 
2010). As evident in many grassroots initiatives such as Critical Mass and Clean Up 
Australia Day, significant transformations arise from massive consensual 
participation of individuals identifying with the value of a sustainable lifestyle 
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both conceptually and pragmatically. Realising the potential of the burgeoning 
technical opportunities in this space means taking the tools out of the lab and 
putting them into the hands and homes of real people.   
 
My research and resultant persuasive designs help to develop the body of 
literature surrounding persuasive technology encouraging lifestyles with reduced 
individual resource consumption (Aleahmad, Balakrishnan, Wong, Fussell, & 
Kiesler, 2008; Raymond De Young, 2000; Fogg, 2003). The longitudinal nature of 
the case studies also helps in understanding the ideological impetus required to 
enhance societal values, which can galvanise people into sustaining a ‘green 
identity’. This aspect represents real value in motivating people to live more 
sustainably, without direct researcher intervention.  
 
In 2008, Brisbane City Council set a greenhouse gas emission target as 10 tonnes 
per household realised by 2012. In 2013, the current estimates put household use 
at between 12 and 16 tonnes, nine of which are electricity. By 2026, the aim is 
four tonnes per household (Brisbane City Council, 2008). Clearly the 12 tonne 
drop cannot be achieved with technological advances alone. People often call for 
technology to assist in making a change, however, the supplied technology may 
not be sufficient on its own (Strengers, 2008). 
 
The result is the development of incrementally more sophisticated and varied 
methods and devices for affecting human psychology and achieving the intended 
green initiative. Yet, one of the key findings so often reported is that the effect of 
such devices, moralised or otherwise, is temporary (Petersen et al., 2007), and the 
psychological method used to instigate the initial change of behaviour, when 
concluded, often leaves the participants informed but no more environmentally 
friendly (Kerr & Tindale, 2004; W. Schultz, Oskamp, & Mainieri, 1995). With the 
advent of the Internet and Internet enabled mobile devices, new areas of 
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comparison have emerged, blurring the gap between people, connectivity, and 
place.  
 
The power of such information is that in reality, it is the readily available data that 
provides people with the ability to connect with each other through their actions. 
The power of connecting similarly minded individuals on a topic of shared interest 
is often a motivator for the organic development of political movements (Dourish, 
2008). Most social constructs are based around such similarities in behaviours, 
values or interests. Information technology can facilitate the connection and 
communication of these socially linked individuals through their actions on an 
environmental agenda, such as energy conservation or electricity consumption 
habits. Further, I argue that communities of practise aid in the sustainability of 
such habits, encouraging or engendering more environmentally conscious 
behaviour over longer time periods.  
 
In the past, there was an expectation that deploying real-time energy monitors to 
homes results in a reduction in energy use. Evidence supporting this expectation, 
using the current generation of energy monitors, is scant (Darby, 2010). Recent 
studies point to a need for reassessment of both the perceived purposes of these 
devices (Strengers, 2011), and the ways in which research evaluations are carried 
out (Pierce et al., 2010). The authors claim fundamental biases exist, incorrectly 
positioning energy monitors as “micro-resource managers” (Strengers, 2011, p. 
2135), rather than adhering to the realities of everyday life. Pierce et al. (2010) go 
so far as to claim current energy monitors may be so ineffective that they are 
potentially counterproductive. These problems are exacerbated further as there is 
no definitive theory of how or why people become environmentally responsible 
(Froehlich et al., 2010).  
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Despite the factors described above, the ability for an energy monitor to help 
individuals to live more sustainable lives is not discounted by the authors. The 
message conveyed is one of inadequate devices, failing to apply methods to help 
individuals become, or remain, engaged with their energy consumption over 
longer time periods (He et al., 2009). 
 
Technology deployed throughout Queensland from 2007 – 2012 as part of the 
Climate Smart Home Service (CSHS) enabled households to monitor their 
electricity consumption by providing numerical real-time and historical usage 
statistics on a monochrome display. The intelligibility of these numbers as an 
interface for visualising electricity consumption, in a manner that engenders long-
term engagement overall, is extremely limited (Darby, 2010). My research 
leverages the existing research on the psychological effect of different energy 
monitoring feedback methods in homes (Chetty, Tran, & Grinter, 2008; Cialdini, 
2003; Houwelingen & Raaij, 1989; Hutton et al., 1986; Kallgren, Reno, & Cialdini, 
2000; Kempton, 1995; Seligman & Darley, 1977), and combines it with what is 
currently known with regard to moralising and motivating individuals through 
novel persuasive methods (Dourish, 2009, 2010; Fogg, 2009; Froehlich et al., 2009; 
Pierce et al., 2010; Strengers, 2008; Woodruff, Hasbrouck, & Augustin, 2008). The 
result is the development of three persuasive designs deployed on Google Android, 
Microsoft .Net, and Apple iOS, providing detailed feedback on resource 
consumption, and connecting individuals through their electricity conservation 
actions.  
1.4 Significance of the Research 
A recent Consumer Electronics Association study revealed that the number of 
electronics products per household has doubled since 1997, and they now 
consume 11% of residential electricity (Roth & McKenney, 2007). To demonstrate 
the enormity of the challenges facing Australia:  
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 To provide power for Queensland alone, 43 million tonnes of pollution are 
produced yearly (The Climate Insistute, 2012), making it Australia’s most 
polluting state.  
 Australia is also listed in the top 10 polluters per-capita world-wide (World 
Wildlife Fund, 2012).  
 Australia is the third biggest producer of landfill, of which printed paper 
makes up 2.4 tonnes yearly (Hamilton, Denniss, & Baker, 2005; Planet Ark, 
2012).  
 
Over the past decade the link between global warming and human generated 
Greenhouse gases (GHG) has been reinforced extensively by research findings 
(Solomon et al., 2007). Faced with continuing evidence to support the prediction 
of climatologists, it is likely that the majority of humans will need to modify the 
way they live and consume, to reduce their individual impact upon Earth’s 
environment (Barnosky et al., 2012). Lifestyles with reduced resource 
consumption represent a more environmentally conscious way to employ the 
resources available. Real-time energy monitors in homes have been marketed as a 
method for helping individuals reduce their environmental impact. The extent to 
which the already deployed monitors service this agenda is a larger assessment 
beyond the scope of my research. My concern is in increasing our understanding 
of effective methods for engaging individuals with their resource consumption 
over longer periods of time. 
 
My research also taps into the growing trend of what Yvonne Rogers (2013) calls 
“the quantified self”, where individuals are increasingly monitoring their activities 
and their behaviours. This trend towards citizen science is exemplified in the 
ubiquity of applications servicing these desires on all modern smart phones. 
Monitoring personal paper and energy consumption is an area of growing interest 
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thanks to the nascent opportunities provided by always connected, everywhere 
devices.  
 
In answer to these developments within HCI research bodies provided forums for 
discussion of these burgeoning research opportunities, such as the workshop 
Ubiquitous Sustainability: Technologies for Green Values at UbiComp 2007; a 
2008 issue on Can IT go green? in the Cutter IT journal; a 2008 issue of IEEE 
Pervasive on Environmental Sustainability; a workshop on Interaction Design for 
Environmental Information Systems at iEMSs 2008; a 2008 issue on ICTs & 
Sustainable Development in Information, Communication & Society; two 2008 
ITU symposia (Kyoto/London) on ICTs and Climate Change; and workshops 
organised by Associate Professor Marcus Foth and Dr Christine Satchell at 
Pervasive 2008 in Sydney and UbiComp 2008 in Seoul, South Korea (Foth, et al., 
2009). Jumping to 2013 where the featured community was sustainability, CHI 
broke all previous records with 3442 attendees from 54 countries. The interest in 
this growing research area is sustained and growing. These events focus on the 
pervasive gap between what is currently technically possible and how people 
apply those technologies. As with all efforts directed at addressing behaviour 
patterns, there is often a gap between what is possible given the functionality of a 
developed innovation or device and how users apply it. 
 
Lastly, if we accept that people are motivated differently, and likewise hold 
different behaviours and attitudes (Beebe, Beebe, & Redmond, 1995), it can be 
seen that designers need to develop a range of different interfaces, or a suitable 
level of configurability, to best address their needs (He, Greenburg and Huang 
2009). As users become increasingly experienced with interfaces, the desire for 
particular capabilities may arise - users may seek to personalise the interface 
redefining the layout or available functions, deviating from what is offered at first 
contact (Woodruff et al., 2008). The interfaces developed as part of my research 
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investigate this proposition by providing differing feedback options for individuals 
on electricity and paper consumption.  
1.5 Thesis Outline 
What follows is a three study thesis, where each study chapter explains the course 
of action and guiding principles. As is sometimes the case in research, the artefact 
deployments are, at times, not conducted in series, but operating in parallel. The 
overlap is viewed positively as it helps inform the evaluation of each deployment. 
With this in mind the thesis will employ the methods declared below, to remind 
and guide the reader through the document, providing a single thread to follow 
activities. 
 
Data gathering began for energy and paper in 2009. Of the various resources 
tapped, a suitable environment for a paper case study emerged first. As such, the 
paper case study is labelled P (signifying paper), whereas the energy studies which 
found their sites later are labelled E (signifying energy). For clarity, when a 
particular study is considered, Figure 1 or similar will be included.  
 
Figure 1: Research Outline 
As can be seen in Figure 1 study, P – Paper is broken into two separate studies, 
both of which are discussed in Chapter 5. The first considers individuals 
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(professional staff) working at Queensland University of Technology in Brisbane, 
Australia; the second considers individuals within teams (researchers and 
professional staff) working at the Digital Enterprise Research Institute (DERI) in 
Galway, Ireland. While the first paper study was conducted over 12 weeks, the 
second longitudinal study was conducted over a 58-week period. Understandably, 
the length of the second paper study necessitated other research relating to 
electricity, to be conducted in parallel.  
 
Study E – Energy is broken into three separate studies E1, E2, which form Chapter 
6, and E3, which forms Chapter 7. The first (study E1) relates to a Google Android 
mobile application called “EnergyWiz” that was developed in response to a 
detailed analysis of existing literature. EnergyWiz was deployed twice during my 
research to different participants. The second (study E2) application “The 
Dashboard” was developed for Apple iOS iPad in response to my own research and 
from emerging themes within the literature. The Dashboard was deployed twice 
in Brisbane, Australia, during my research: first, to subject matter experts, and 
after revisions, to regular users (as part of study E3). The final energy study (E3) 
was a longitudinal study employing CurrentCost energy monitors for up to 18 
months. Participants from study E3 were also employed as part of the second 
deployment of The Dashboard.  
 
The other sections of this dissertation are a literature review, my theoretical 
framework and methodology chapters. In these chapters, I argue why the research 
conducted makes a contribution to knowledge, how the theoretical framework 
guides my research, and why the studies carried out using my methods reflect 
what is required to answer the RQ. Lastly, a synthesis chapter contains 
transferable information and recommendations accessible to other researchers in 
similar fields. 
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1.6 Limitations 
At the outset of this thesis, given the focus of my case studies, it is important to 
discuss the term ‘persuasion’. According to persuasive technology theorist BJ Fogg 
(2003, 2009), “… a persuasive technology is fundamentally about learning to 
automate behaviour change” (p. 1). These technologies are designed to persuade 
those using them through a range of methods, particularly social influence, to 
change their behaviours by first changing their attitudes. Lockton et al. (Lockton, 
Harrison, & Stanton, 2010) extend this definition by including situations, such as 
safety systems, where attitude change is not a precursor for behaviour change, and 
is in fact not a consideration. As technologies become more pervasive they also 
often need to be persuasive, if they are to assist us in our daily lives. Speaking to 
this conclusion were researchers such as Davis (1989) who considered the 
perceived usefulness and perceived ease of use of IT as determinants for user 
acceptance of those technologies. What has become more obvious in the last 
decade is that as the uses, and users, of IT expand, so do the expectations of the 
HCI experiences when using that technology (Kankanhalli, Tan, & Wei, 2005a). 
My own research employs human-computer interaction with persuasive 
technologies that increase awareness of resource consumption providing pathways 
for restructuring behaviour.  
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2 Literature Review 
My research stands at the intersection of resource monitoring, persuasive 
technologies and behavioural psychology. The designs developed in my research 
provide real-time access to personal quantitative data at highly relevant moments 
in time and space. The individual is able to take informed action, potentially 
modifying their behaviour. Methods employed encourage, and offer reward for, 
sustained individual action to reduce resource consumption. This blending of 
people, place, and technology is represented below in Figure 2.  
 
Figure 2: Research Topic Ideation 
 
 
 
 
 
 
Human-computer 
interaction (section 2.2) 
People and the 
environment (section 2.1) 
Human-computer interactions 
role in changing the environment 
(Section 2.2 and 2.3) 
People 
Technology 
Innovation through Conservation 
centred, human-computer 
interaction (section 2.4 and 2.5) 
Environment 
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In this literature review, attention has been given both to the tenants upon which 
current theories of HCI stand and where an overlap in people, place, and 
technology exists. The area of greatest interest is understandably where all topics 
intersect in the centre of Figure 2. Blending people, place, and technology, in ways 
that deliver valuable experiences to individuals.  
 
Further to this literature review, Chapter 3 details and discusses my theoretical 
framework, providing more information on the guiding principles and 
assumptions of my research. It is provided as an extension and focus for the 
expansive discussion conducted throughout this chapter.  
2.1 Climate Change and Global Warming 
Global warming1 is defined as the increase in the average temperature of Earth’s 
near-surface air and oceans in the last 50 years and the projected continuation of 
this trend (Solomon et al., 2007). The Intergovernmental Panel on Climate Change 
(IPCC) concluded in its fourth annual report published in 2007 that most of the 
observed temperature increase since the middle of the 20th century was very 
likely caused by increasing concentrations of greenhouse gases resulting from 
human activity (concluding that after 1950 solar radiation and other natural 
events cooled the earth slightly) and that global warming is unequivocally 
happening (ibid). In addition to this, Barnosky et. al. (2012) warn that the Earth’s 
biosphere has reached a tipping point, from which the damage done by humans 
cannot be reversed.  
 
                                                 
1Various researchers claim the term ‘global warming’ is a misnomer, as parts of the globe may cool 
due to the effects, suggesting the term ‘climate change’ be interposed. My feeling is this reflects use 
of a more inclusive term (climate change) to define a less inclusive term (global warming). As such, 
for the purposes of this review the term ‘global warming’ encompasses linked cooling effects as 
well. 
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The conclusions published by the IPCC are backed by all the national academies 
of science of the G8 nations (and Brazil, China and India) ("Joint science 
academies’ statement: Global response to climate change," 2005). The findings 
represent an assessment of the published and peer-reviewed research on climate 
change compiled by 1,250 expert authors from over 130 countries. 
 
While initial global warming estimates in the 1990s were quite conservative and 
long term, in recent years there has been acceleration in the urgency placed on 
action being taken to address global warming. The latest projections of the IPCC 
are that the global surface temperature will continue to rise throughout this 
century by between 1.1 and 6.4°C. Current Commonwealth Government policy is 
now formed on the basis of an expected 2.2°C temperature increase. Higher 
temperatures will cause water stored currently as ice to thaw, this plus other 
sources will contribute to a rise in sea levels and will likely change rain patterns 
and expand deserts. Changes to the annual rainfall of different areas will impact 
agriculture, and may contribute to the extinction of animal and plant species 
unable to adapt to changes in their environment (Hooper et al., 2012). As the 
warming effect will likely be strongest in the world’s polar regions, the flow on 
effect of the increase is further thawing of frozen water currently stored in 
glaciers, permafrost and sea ice. What this leads to is a change in the frequency 
and intensity of extreme weather events, such as cyclones and flooding. One of 
the clearest pieces of evidence is the dramatic rise in atmospheric CO2 as shown in 
Figure 3. 
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Figure 3: Atmospheric CO2 levels over the past 400,000 years (NASA, 2012) 
When the poorest two billion people of the world are focused on eating enough 
food each day, an overarching concern for the environment cannot be relied upon. 
It is arguable that true energy conservation presents a rather Herculean dilemma 
for society as a whole (Barnosky et al., 2012), and that surmounting the 
misconceived status quo that energy efficiency equals energy conservation, may 
require drastic changes to how we perceive, and facilitate, market driven 
economies (Figueres, 2012). 
 
Scientists from a range of disciplines including Human-Computer Interaction 
(HCI) are now contributing to a growing body of research seeking to assist in 
tackling the problem of global warming. HCI as a discipline has, in recent years, 
with the advent of more advanced digital technologies, and emerging 
pervasiveness of Internet enabled devices, become better equipped to address 
global warming. The role of HCI will be examined in greater detail in the next 
section of this review. 
2.2 Human-Computer Interaction  
Human-computer interaction is broadly defined as the study of the interplay 
between a particular technology or technologies and the people employing them. 
 19 
As is depicted in Figure 2, HCI is inexorably found at the intersection of computer 
science and human behavioural sciences. The overarching aim is to leverage what 
is known about human behaviours to inform the design of technologies that 
humans interact with in some form (Card, Moran, & Newell, 1983). These 
mediated interactions always occur through some sort of interface. The modern 
operating system and the computer mouse are two common examples. 
 
Though not initially termed HCI, endeavours decades ago initially sought to 
bridge the gap between humans and the technology that was becoming more 
useful and pervasive. To accompany these endeavours behavioural research 
surrounding computer usage, and work supported by computing technologies, the 
term ‘computer supported cooperative work’ (CSCW) was coined. From CSCW in 
1984 came a number of different developments, each attempting to understand 
how to assist and direct those using computer technologies in ways that matched 
the behaviour patterns exhibited. While the Xerox Palo Alto Research Centre 
looked towards future innovations in consumer and business computing 
technology, a large amount of research focused on computer mediated 
communication (CMC). CMC developed in response to organisations using large 
information systems to manage their growing business data collections. When the 
Internet moved from use in the military and scientific domains and opened up to 
mainstream use, a whole range of HCI initiatives took form not the least of which 
was the Internet web browser. What we can see here is that as technology 
progressed rapidly, so too did opportunities within HCI to examine the behaviour 
of humans using the developing technological innovations (Fogg, 2009). Large 
interactive urban displays, high-bandwidth interactions with mixed media and 
ubiquitous computing (UbiComp) are all examples of HCI technologies with 
widespread deployment across the globe today that did not exist outside of 
research laboratories a decade or so ago. 
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Everyday technology becomes more ubiquitous: small, embedded and accessible, 
anywhere, anytime (Fogg, 2009; Greenfield, 2006). Bell & Dourish (2007) argue 
that the design and development of ubiquitous computing as well as the ability to 
access information in places other than the conventional desktop computer, call 
for a better appreciation of the ‘messiness of everyday life.’ This ultimately 
requires social and cultural research skills in addition to technical expertise. The 
findings both at QUT (Bilandzic, Foth, & De Luca, 2008; Satchell, 2004, 2006; 
Satchell & Singh, 2005; Schroeter, Foth, & Satchell, 2012) and by other researchers 
(Sunny Consolvo, Paulos, & Smith, 2007; Goggin, 2006; Kopomaa, 2004; Nyiri, 
2005) corroborate the premise that UbiComp will play a crucial role in realising 
participation and civic engagement in an effort to embrace and foster values of 
sustainability.  
 
As a consequence of widespread UbiComp deployment in urban environments 
such as sensor networks, location-based services, and mobile devices (Scharl & 
Tochtermann, 2007), the accessibility and visualisation of real-time information 
enables a major transformation in the way individuals perceive, understand, and 
subsequently conceive and plan city spaces (Calabrese, Kloeckl, & Ratti, 2007).  
2.3 The Emergence of Real-Time Energy Monitoring 
Having provided a summary for the recent history of HCI, it is important to 
consider that the body of climate change research has advanced at a similar pace. 
As political and social consciousness on these topics broadens to include ever more 
interested parties, one topic HCI research has sought to address is individual 
resource monitoring (Dourish, 2009). To accomplish this, increasingly ubiquitous 
and capable devices are leveraged as a platform for developing positive social 
benefits (ibid). One of the directions this research has taken is to investigate how 
readily available technology – such as real-time energy monitors in homes – can 
be reappropriated (Moere et al., 2011) or adapted (S. Snow & Brereton, 2012), 
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making them more effective in helping individuals make environmentally 
beneficial changes to their lifestyle. The attraction to this highly-granular 
monitoring technology is threefold: electricity is consumed as a commodity, and 
considered a social necessity (Sheldrick & Macgill, 1988); household electricity 
consumption contributes a non-trivial amount to the overall environmental 
footprint and CO2 production of an individual (ABSEC, 2008); until recently the 
paucity of consumption feedback and imperceptible nature of electricity has 
meant that it is ‘doubly invisible’ to households (Burgess & Nye, 2008).  
 
Today, a variety of multifaceted devices abound (as summarised in Appendix A). 
Each device offers the same core capability (repeatedly measuring and displaying 
of the instantaneous electricity being consumed), varying the other capabilities 
coupled with the device (such as estimating CO2 produced). When the first 
generation of energy monitors was released, research began in earnest to compare 
different energy monitors and assess their adoption. Results were mixed. What 
emerged from summary research by authors such as Darby (2006, 2010) was a 
clear picture of limited impact feedback provided by deployed energy monitors 
had on energy consumption. The onus firmly rested with the simplistic feedback 
methods employed by the energy monitors to inform the individual. Methods, 
which were scientific in nature, motivate individuals using a rational-economic 
model (by displaying a real-time estimate of the monetary cost associated with 
electricity consumption), but often ignore the findings of decades of 
environmental psychology research (Pierce et al., 2010).  
 
These findings and the expertise of researchers led the field to once again shift 
focus, developing innovative methods (Froehlich et al., 2009; Moere et al., 2011) 
to challenge and encourage individuals though engagement with their energy 
consumption over longer periods of time (Pierce et al., 2010; Strengers, 2011). 
Again, results were mixed. What has emerged from multiple research directions 
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since (Darby, 2010; Froehlich et al., 2010)  compounds the complexity of 
addressing targeted behaviour change over longer periods of time as initial 
learning associated with resource monitors plateaus (Kelsey & González, 2009), 
and novelty associated with persuasive methods declines over time (S. Snow & 
Brereton, 2012). 
 
In line with the above findings, during the course of my research an 
understanding reflected in the evolving methods and aims of experiments in this 
field by different researchers has arisen: the actions taken by individuals relating 
to their resource consumption are not simply taken in isolation. Nor are decisions 
solely mediated by a rational-economic model, but are in fact also mediated by the 
social, cultural, technical and institutional milieu we operate within each day 
(Strengers, 2008, 2011). With this understanding, employing social ties to increase 
the engagement of individuals with resource consumption is now considered a 
promising avenue for research, featuring in numerous experiments as a theme 
requiring further investigation (Moere et al., 2011; Petkov, Köbler, Foth, Medland, 
& Krcmar, 2011; S. Snow & Brereton, 2012). Where real-people, those you know 
and have social ties with, rather than people in general, have a lasting impact upon 
your decisions (Ek & Svaderholm, 2010). These connections act as a source of 
knowledge when an individual is uncertain of the appropriateness of a given 
behaviour (Festinger, 1954), and also as a source of comparison and competition 
(Steg & Vlek, 2009).  
 
What is critical to determine – and where my research intersects – is how to 
engage individuals with their resource consumption over longer time periods 
through their social ties, using interfaces leveraging the findings summarised 
above.  
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The remaining sections of this review guide the reader through specific strategies 
and tools currently used to reduce energy consumption, and likewise the methods 
employed to promote behaviour change.  
2.4 Energy Reduction versus Energy Efficiency 
The desire to moderate electricity consumption is a familiar theme: scientists have 
applied scientific rigour to the problem of excessive day-to-day electricity 
consumption by households as far back as the 1970’s (Becker, 1978). Moderating 
electricity consumption is ever more important in an age where showering is more 
frequent and people prefer to turn on air-conditioning and heating instead of 
wearing warm clothes or opening windows to let in a breeze (Shove, 2003; 
Strengers, 2008, 2011). However, as is explained in this section, energy efficiency 
increases do not always result in a reduction in net energy use. The premise here is 
that if a device uses less power there is lower emphasis placed upon moderating 
energy consumption. 
 
The research findings compiled over the last 40 years tell us that through relevant 
feedback (Becker, 1978) and intelligible devices providing explicit information 
surrounding personal (Houwelingen & Raaij, 1989) and generalised electricity use 
(Siero, Bakker, Dekkar, & Burg, 1996), people are better versed to reduce their 
energy footprint (Abrahamse et al., 2007). However, it should be noted that the 
reduction of energy consumption does not necessarily follow the continuing trend 
towards greater energy efficiency through advances in technology and thinking 
(Hanley, McGregor, Swales, & Turner, 2009).  
 
The Khazzoom-Brookes Postulate (Herring, 1998) states that “energy efficiency 
improvements that, on the broadest considerations, are economically justified at 
the micro-level, lead to higher levels of energy consumption at the macro-level, 
than in the absence of such improvements” [emphasis added]. While energy 
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reduction through improved efficiency is possible (and probable), the net effect at 
a macro-level will be an increase in productivity to match any decrease in energy 
use at a micro-level. The increase in productivity is called the “rebound effect”. 
For example, if the total energy required to produce a vehicle drops by 30% 
through manufacturing advances, but the overall drop in energy consumption by 
the manufacturer is 15%, the rebound effect is 50% (Hanley et al., 2009). 
Encouraging energy efficiency gives investors - through self-managed or 
mandated efficiency increases - the ability to produce more at the same energy 
cost (Herring, 1999). These research findings strongly support the need for a 
reduction in energy consumption. They also express a similar need to continue 
engineering efforts to curb energy usage per device.  
 
Considering the implications for individual resource consumption, Strengers 
(2008) points to a probable reaction by some to change their technology in order 
to reduce their overall energy consumption, rather than make changes to their 
lifestyle. Likewise, Ek and Svaderholm (2010) found that when they 
communicated the relatively small amount of money saved by turning off energy 
efficient lighting in participant homes, participants began to leave their lights on 
more often. The larger issue here is a warning to researchers seeking to intervene: 
while less energy is consumed by efficient appliance, the habits of the individual 
may not change, and any initial lowering in overall consumption may be eroded 
over time by a perceived laxity in the necessity to conserve energy.  
 
Building on this body of evidence the impact of consumer choices was explored by 
Chetty, Tran and Grinter (2008) who studied methods to improve resource 
consumption feedback systems. In a study of 14 homes with programmable 
thermostats, half the households chose not to programme them. Furthermore, in 
the homes where thermostats were programmed, household members argued over 
how best to use the thermostat controls. The lack of definitive knowledge 
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underlines the problems of user-education (Festinger, 1954) and represents 
probable erosion in the efficiency gains of a particular technology. That the study 
found some thermostats had not been programmed at all offers evidence of a gap 
between device usability, user capabilities, and device utilisation (Upham et al., 
2009).  
 
Of particular relevance is the implication that participants were unconcerned or 
complacent in conserving energy by programming the frequently-used devices; 
this is a possible example of a human-computer interface design challenge (He et 
al., 2009). Linking with the work of Strengers (2008), it is also possible to infer 
that the position of an appliance within a household (thus, the perceived necessity 
of the device) and the frequency which it is used may affect consumer perceptions 
towards the benefits of expending effort in conserving energy (i.e. out of sight, out 
of mind). The result of recent research by Pierce et al. (2010) and Strengers (2011) 
points to a gap in our understanding of how and why people become 
environmentally responsible, what behaviours should be targeted, and what is an 
acceptable target for consumption. 
As Strengers (2011) points out in her recent research, there is an element of non-
negotiability of certain everyday activities (such as doing laundry or cooling the 
home). Essentially we conform to a set of normative expectations given the 
environment and context within which we find ourselves, rather than behaving 
rationally at all times. The interfaces offered to accomplish this are also viewed as 
ineffective in conveying their intended messages when attempting to adjust these 
“out of bounds” behaviours (Pierce et al., 2010). In answer to this dilemma, recent 
research leveraged the effectiveness of competition and comparison to successfully 
influence these more everyday activities, with individuals choosing to offset the 
tasks until they could be grouped (Moere et al., 2011), or finding ways to minimise 
their impact (Petersen et al., 2007). The limitation of the research by Moere et al. 
(2011) and Petersen et al. (2007) is making the behaviour change persist over 
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longer time periods. Moere et al. (2011) found that some participants viewed the 
intervention as a game and tried to ‘win,’ after this benchmark frustration 
developed and disengagement ensued. An identical effect was observed by 
Froehlich, et al. (2009) in their deployment of UbiGreen, a mobile tool for 
supporting green transportation choices. These results point to a situation where 
competition, while functional, has limitations that must be considered when 
providing interfaces that leverage social pressures. It is clear from these two 
studies that an ‘end state’ for a competitor should not be easily attained, or cause 
an interface to reset back to a default beginning state. 
2.5 Visualising Resource Consumption 
This section discusses the psychological aspects related to the cognition of 
interfaces designed to visualise data in domestic settings. Discussed below are the 
different methods for visualising data, focusing on those most relevant to my 
research. This section highlights research by Dillahunt et al. (2008) employing an 
animated pedagogical agent to help participants move towards a more sustainable 
lifestyle. 
 
Data is a collection of facts, observations, or other information related to a 
particular question or problem, from which conclusions may be drawn. 
Visualising data in a way that is comprehensible to the intended audience is of 
paramount importance, and is difficult to achieve. Understandably, a universal 
method for flawless knowledge transfer is yet to be discovered. 
 
Assorted disciplines have established different methods of displaying information 
in easily intelligible ways to a varied population (Tufte, 1983). Striking colours, 
different audio-visual cues, animated pedagogical agents (Atkinson, 2002), and a 
plethora of other perceived and intuited vehicles for conveying tacit knowledge in 
an explicit form are present in our everyday lives. An example of data visualisation 
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is real-time electricity monitors (Figure 4) that display greenhouse gases generated 
by electricity consumption. These wireless and self-contained electricity monitors 
use a numerical representation of current usage versus cost, presented upon a 
liquid crystal display. Thus far, market drivers have leaned towards the low-cost of 
producing individual units (McTurk, 2010), and it is understood that there is little 
evidence that this style of interface is effective in engaging consumers to curb 
their energy consumption (Darby, 2010; Pierce et al., 2010). Such data 
visualisations have also had their impacts assessed through a psychological lens; 
the effects these devices have on moralising an individual’s choices have been 
compared with motivating individuals towards action (Becker, 1978; Hagen & 
Underwood, 2008; Houwelingen & Raaij, 1989; Shaw, 1961). What research tells 
us is that current interfaces are far from perfect and that more work is required to 
improve the long-term engagement with the interfaces delivered to individuals. 
 
Figure 4: Wireless Electricity Monitor 
A wealth of data exists regarding the development and assessment of interfaces 
displaying energy use (Dillahunt et al., 2008; Froehlich et al., 2010; Petersen et al., 
2007; Strengers, 2008; Tomlinson, 2008). Furthermore, the method with which 
data is displayed through CMC has rapidly developed over the last decade thanks 
to the advances and affordability of mass-produced microprocessor-based devices. 
The pervasiveness of such devices in our daily lives makes them ideal as educative 
apparatus (Tomitsch, Kappel, Lehner, & Grechenig, 2007). What is missing is an 
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interface capable of, not only relaying recorded data in an intelligible, interactive 
form, but one that facilitates community development, and social interaction 
through knowledge transfer, collaboration and competition. However, 
interventions tackling resource consumption are often left with a lack of suitable 
devices to display different levels of functional information. Mobile device display 
real-estate is at a premium (Froehlich et al., 2009) and desktop interactions are 
limited to fixed locations. Investment in further displays for the express purpose of 
displaying consumption statistics also presents the dilemma of the embedded 
carbon in producing, powering and maintaining yet another device (Moere et al., 
2011).  
 
In recent years, focus has shifted towards the inclusion of animated pedagogical 
agents or avatars for teaching and learning platforms. Agents are often portrayed 
as virtual characters that users may easily identify with, or that the user needs to 
support or protect in some form. Computer games are an obvious example of 
where these agents are employed to further quest lines for players. The formation 
of a social relationship or emotional bond between the agent and the individual is 
critical (Baylor & Kim, 2004). This relationship is facilitated by the realism 
(realistic portrayal of agents compared to cartoon renditions (ibid)), gender, 
ethnicity, instructional role (expert, instructor, mentor, learning companion), 
verbal versus non-verbal cues, and other less influential factors. Atkinson (2002) 
was able to empirically demonstrate the cognitive and affective impact of 
animated pedagogical agents; the author showed that learners benefit in problem 
solving and example processing. 
 
The integration of these ‘virtual friends’ sought to encourage individuals naturally 
towards a goal. While the functionality of such learning support services is no 
longer in contention, leveraging the capabilities of such agents is still a complex 
task. In energy conservation research, an experiment by Dillahunt et al. (2008) 
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employs a virtual polar bear standing on an ice cap (See Figure 5) – the ice cap 
melting and freeze rates are determined by ecological action or inaction of the 
participant. The polar bear suggests environmentally conscious behaviour (such as, 
turn off the water while brushing teeth).  
 
Figure 5: Virtual Polar Bear (Dillahunt et al., 2008) 
Individuals using the interface showed a statistically significant attachment to the 
pedagogical agent and demonstrated greater environmental concern and care, 
some even donating money to the experiment to aid the polar bear (Dillahunt et 
al., 2008).  
 
My research does not make use of animated pedagogical agents, as given their 
relative sophistication, and the opportunity cost, when they do not work as 
intended (see Froehlich et al., 2009), it was deemed out of scope, particularly as 
children were not actively recruited as participants. Beyond this as animated 
pedagogical agents are a multi-disciplinary area of research, their impact and 
function in an educational and behaviour setting is already relatively well 
explored.  
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These visualisation principles build on those more general HCI principles 
previously discussed, providing a greater understanding of what the constituent 
elements of resource consumption interfaces may be, how they are visualised and 
when. What my research takes from this discussion are the insights of how 
participants identify with, and become emotionally attached to, these 
sophisticated learning aids.  
2.6 Design Principles for Resource Consumption 
This section extends the prior HCI interface discussion and is devoted to 
explaining a number of principles applied to the design of my research. The first 
by Wood & Newborough (2007) provides a taxonomy of different data 
visualisation options addressing energy conservation. The second by Pierce, 
Odom, & Blevis (2008) provides an explanation of the differing levels of control 
people have over their current environment. The third, is research by Fitzpatrick 
and Smith (2009) explaining the four high-level determinants guiding the design 
of HCI based energy conservation efforts. My research draws on these three pieces 
to aid the development of innovative energy monitoring interfaces employing the 
available phases of interaction. 
 
Wood & Newborough (2007) in their review of prior research into situated and 
mobile displays, provide a non-exhaustive but extensive taxonomy of current data 
visualisations present in interfaces geared towards energy conservation. Figure 6 
displays the different options available. Figure 6 also shows the current perceived 
boundaries of what is displayed on such interfaces. These parameters provide a 
solid base to work from when providing relevant information to particular user 
archetypes. Combining all of these features on a single interface would also prove 
challenging, so there is a need to develop different, or configurable, interfaces.  
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Figure 6: Taxonomy of energy conservation display choices (Wood & Newborough, 2007) 
Pierce, Odom, & Blevis (2008) distinguish between two general types of data 
visualisation: pragmatic visualisation and artistic visualisation. In effect, data 
visualisation tools must satisfy the traditional scientific needs (pragmatic) while 
also fostering a creative vision (artistic). This distinction helps to demonstrate that 
such tools minimising distortion and support analytic reasoning (pragmatic), but 
still maintaining audience interest (artistic). This notion of artistic vision in HCI 
interventions echoes the work of Holmes (2007) who designed a large display 
present in an office building. Stylised artistic renditions of oak trees change over 
time in reaction to the energy consumption levels throughout the building. Pierce, 
Odom, & Blevis (2008) elaborate on a framework for explaining the level of 
control and interactions available for people using similar interventions in 
different environments. Two axes are considered - dweller control and third party 
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control (as shown in Figure 7), with interactions (with an HCI intervention) 
guided by levels of control that change depending on the environment. 
 
Figure 7: Differences in dweller and third-party control (Pierce et al., 2008) 
The case studies of my research are situated in residential homes and in an office 
building. It is useful to understand these differing levels of control when designing 
HCI interventions, as it is unlikely that the findings of one study will be directly 
transferable to another. It is also useful to remember the need for an artistic 
approach to interface designs targeting energy conversation if the interfaces are to 
maintain user interest.  
 
In research by Fitzpatrick and Smith (2009) a range of different end-user, real-
time electricity monitors were trialled for their effectiveness. The key themes that 
emerged were: 
 The display variations of data, granularity and metrics by the devices. 
 The device as an object, considering household locations and the form of the 
device.  
 Engagement with the device, considering the baseline device exploration, 
functional limitations and future querying or interaction with the device. 
 33 
 Behaviour and context, examining the wider implications of subject choices 
(i.e. green versus general public) and the need for a framework to chart the 
translation of energy-related motivation to behavioural change. 
Fitzpatrick and Smith’s (2009) study is by their own admission limited, as the trial 
was conducted in six “green” English households and lasted only one week. While 
still useful, samples of such “green” households lead to a limitation in the spectrum 
of application for the findings. Selection bias is often a source of concern for other 
authors researching more sustainable living through HCI innovations (Froehlich 
et al., 2009; Woodruff et al., 2008). Broader replication of these results, expansion 
on the themes and the development of an energy-related behavioural framework 
is one of the core objectives of my research. The classification of potential 
participants as “green,” “pre-green,” and “non-green” requires similar development 
to ensure results are accurate, as only participants who are green may appreciate 
the feedback provided (Strengers, 2011). 
 
Reflecting on the four HCI visualisation principles discussed in this section it can 
be seen that each has effects on what is eventually designed. If a design is to be 
successful: 
 It needs to maintain user interest, 
 Offer appropriate levels of control to the user given the environment they are 
in and, at differing levels of involvement with the device.  
 
What may be appropriate in a general sense for a household environment (such as 
the use of sound) may well be inappropriate in an office environment, the 
effectiveness of different display options may also change. The argument for 
energy conservation is not about determining whether action is required, but 
rather about discovering what action we can immediately take to offset imminent 
changes in the environment such as global warming.  
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2.7 Summary 
This literature review positions the proposed research at the intersection of group 
psychology, electrical monitoring and persuasive design. The reviewed material 
has sought to develop in the reader’s mind a clear picture of:  
1. The implications and possibilities of combining such social environmental 
technology at a household level. 
2. The relatively weak contribution and use of HCI considering the pervasive 
nature of highly developed, malleable technology in our daily lives. 
3. The need for HCI interface interventions to cater for consumers with different 
motivations and behaviours who currently may not understand clearly the 
connection between their actions and the energy consumed. 
4. The natural tendency of people as a whole to strive for something more from 
something less when associating with likeminded peers.  
 
My research leverages these four aspects, associating individuals through their 
actions, using their own and communal data visualised in ways they can 
understand and interact with easily – collaborating, competing and living towards 
common environmental goals and a healthier Australia. 
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3 Theoretical Framework 
The purpose of this chapter is to outline the guiding theories for my research. 
Within this chapter I analyse a range of relevant literature, establishing a coherent 
explanation of the formal theories that I apply when explaining the phenomena or 
relationships I encounter. This chapter also helps justify my specific research focus 
and approach.  
 
I begin by describing why designing a single interface to reach and engage the 
range of differing attitudes, behaviours, and beliefs held by individuals is unlikely 
to work for my research. Thereafter, I describe the role persuasive technologies 
can play in assisting individuals to reduce their resource consumption. I then 
continue by separating and analysing the constituent elements of “feedback”, and 
how pro-environmental behaviour fits the context of my research. From this point 
I unpack the impact of social norms on attitudes and behaviour, and how these 
may be addressed for best results. An assessment of the social elements inherent to 
behaviour and my research follows, examining the different reasons why 
individuals engage with resource monitoring and living more sustainable lifestyles. 
Finally I provide a discussion of exemplar work in the field provides guidance and 
direction to my interventions. 
3.1 One Size Fits All? 
Interfaces are usually designed to offer accessibility to the largest possible 
audience (Satchell & Dourish, 2009a). HCI often reports on issues relating to the 
usability and aesthetics of developed interfaces rather than the need for multiple 
interfaces (such as S. Consolvo et al., 2008; Dillahunt, Becker, Mankoff, & Kraut, 
2008; Froehlich et al., 2009). Research, it seems, often applies a one-size-fits-all 
policy to interface development. 
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The difficulty encountered by a single interface is that users are rarely 
homogeneous in their motivations, attitudes and behaviours (Upham et al., 2009). 
If it is accepted that people are motivated differently and likewise hold different 
behaviours and attitudes towards resource consumption (Beebe et al., 1995), it 
follows that interface designers need to develop a range of different interfaces. 
Each responding to different user preferences and needs (He et al., 2009), or 
alternatively provide sufficiently comprehensive configurability to allow users to 
tailor interfaces to suit their context (Abrahamse et al., 2007). As users become 
increasingly experienced with interfaces, the desire for particular capabilities may 
arise and users may seek to personalise the interface by redefining the layout or 
available functions, deviating from what is offered at first contact (Woodruff et al., 
2008). I argue for that to succeed, not only a definition of the different preferences 
of participants is required, but also to extract what forms of persuasion were most 
likely to resonate with them. Findings thus far (Fitzpatrick & G. Smith, 2009; 
Froehlich et al., 2009; Satchell & Dourish, 2009) suggest the need to explore 
beyond demographic information and a limited set of pre-programmed metrics 
when designing interfaces aimed at helping people make more environmentally 
conscious consumer decisions. This line of reasoning is embodied in my first 
research question: Over longer time periods do persuasive methods promote 
environmentally conscious behaviour? 
3.2 Persuasive Technology 
My aim in this dissertation is to advance the current understanding of the 
persuasive technology (and by extension persuasive designs) applicable to curbing 
resource consumption in domestic settings, employing modern mobile devices. 
According to persuasive technology theorists such as Fogg (2003, 2009), “… a 
persuasive technology is fundamentally about learning to automate behaviour 
change” (p. 1). These technologies are designed to persuade those using them 
through a range of methods, particularly social influence, to change their 
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behaviours by first changing their attitudes. Lockton et al. (Lockton et al., 2010) 
extend this definition by including situations, such as safety systems, where 
attitude change is not a precursor for behaviour change, and is in fact not a 
consideration. As technologies become more pervasive they also often need to be 
persuasive, if they are to assist us in our daily lives. Speaking to this conclusion 
were researchers such as Davis (1989) who considered the perceived usefulness 
and perceived ease of use of IT as determinants for user acceptance of those 
technologies. What has become more obvious in the last decade is that as the uses, 
and users, of IT expand, so do the expectations of the HCI experiences when using 
that technology (Kankanhalli et al., 2005a). My own research employs human-
computer interaction with persuasive technologies that increase awareness of 
resource consumption providing pathways for restructuring behaviour.  
 
What led me to this goal was an understanding that what was currently available 
to households in Australia did not reflect the sophistication of the available 
technologies and research findings to curb resource consumption in homes. In the 
case of the CSHS deployment of energy monitors, I saw a closed system gathering 
real-time data on electricity consumption, and then simply relaying it to a display 
unit. Previously, this data was inaccessible to individuals, primarily due to the 
regularity of transmission. Quarterly feedback via bills failed to convey the impact 
of appliances or other electricity consumers at sufficient granularity in order to 
spur action. My thought was that an open system with a range of interfaces or 
configurations (Guinard & Trifa, 2009), employing persuasive technologies 
(Froehlich et al., 2009), might well prove more useful. This line of reasoning is 
embodied in my second research question: What are persuasive designs that will 
effectively promote behavioural change towards lifestyles with reduced resource 
consumption? How can these designs be tailored to the needs and preferences of 
different people? 
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With these two questions aligning my scope of research the concomitant factors 
accompanying persuasive technologies and a one-size-does-not-fit-all design 
mentality needed to be examined. My persuasive designs would issue resource 
consumption feedback encouraging pro-environmental behaviour, as feedback 
would inherently frame resource consumption as an environmental issue.  
3.3 Feedback and Pro-environmental Behaviour 
Feedback is inherently information and is often available, and linked, to 
contextually relevant events (R. Medland, 2010). Information provided at these 
moments has attributes or qualities that aid in understanding, accessibility and 
retention (Darby, 2006). Feedback in some form is available for almost all of the 
resources that people consume in the course of their daily lives. Major sources of 
consumption can be readily measured by existing technology and infrastructure 
around us. The proportion, quality and granularity of the resource consumption 
feedback that reaches consumers though is often simplistic (Froehlich et al., 2010) 
or relegated to hindsight.  
 
What I was facing when addressing resource consumption in homes was the gap 
in translating the consumption data into readily accessible actionable information 
(Darby, 2006). More problematic still is – even though a proportion of people I 
was likely to engage with understood the ways they consumed resources – they 
still do not take up relevant pro-environmental behaviours to reduce their 
consumption (Strengers, 2011). 
 
The feedback offered by my persuasive technologies would frame resource 
consumption as an environmental issue. This meant motivating reduction was a 
case of encouraging pro-environmental behaviours. Pro-environmental behaviour 
can be described as motivation to engage in behaviours that harm the 
environment as little as possible, or are in fact beneficial to the environment, and 
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importantly, how these motivations may be fostered within societies (Steg & Vlek, 
2008, 2009).  
 
To address this need for actionable feedback guiding pro-environmental 
behaviour, the results of numerous studies examining the facets of information 
that facilitate action are summarised in Figure 8. This taxonomy is by no means 
exhaustive but is drawn from a range of studies (such as Abrahamse, Steg, Vlek, & 
Rothengatter, 2005; Darby, 2006; He, et al., 2009) that suit the scope of my 
research well.  
 
 
Figure 8: Taxonomy of Feedback (Medland, 2010) 
The results of different forms of comparison, such as comparison in isolation, with 
anonymous or unfamiliar others, or with known counterparts, aid in 
understanding user design preferences. 
 
Having now unpacked feedback as a method for encouraging reflection, and pro-
environmental behaviour as a pathway for action, there was a need to understand 
how my persuasive technologies would engender action in an individual. One of 
the main avenues for persuasive technologies to achieve their goals is through 
social influence (Fogg, 2002). What this means for my research is channelling the 
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social pressures individuals encounter, encouraging the development of 
behaviours, and or attitudes, that match, include, or defy a source of resource 
consumption.  
3.4 Social Norms 
My research takes advantage of social norms and the well-established roles they 
play in predicting behaviour (Reno, Cialdini, & Kallgren, 1993; W. Schultz, Nolan, 
Cialdini, Goldstein, & Griskevicius, 2007). Social norms can be divided into two 
types: descriptive and injunctive. Descriptive norms are essentially the perception 
of what is commonly done, and describe a standard that people attempt to adhere 
to (Reno et al., 1993) and diverging from the norm, or mean (either above or 
below), is considered deviant. Injunctive norms describe what is commonly 
perceived as approved or disapproved activities (given a certain culture). For 
example, considering this study, offering a graph showing an individual is below 
the norm paper usage (descriptive), accompanied by a smiling face communicating 
approval (injunctive), helps to prevent a return to the perceived norm (i.e. an 
increase in paper usage). 
 
Social-norms marketing campaigns using descriptive normative information are 
often employed to influence behaviour by promoting or discouraging audience 
perception of appropriate behaviours. The evident problem is that the marketing 
campaign targets both those expressing the behaviour and those not expressing the 
behaviour across the continuum. Those above and below the norm are effectively 
drawn towards the accepted standard. Undesirable behaviour norms may curb 
people’s actions, but may also curb pre-existing desirable behaviour 
(Hinterbichler, 2008; Reno et al., 1993; W. Schultz et al., 2007). This ‘boomerang’ 
effect is addressed using injunctive norms. 
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The combination of descriptive and injunctive normative information serves to 
prevent the boomerang effect and provides an extra dimension of feedback to 
those performing apart from the norm (Cialdini, 2003). Effecting the 
interpretation that there is no need to reach the norm, by expressing that the 
behaviour is approved of and not deviant. 
 
In work by Schultz et al. (2007), the use of descriptive and injunctive norms was 
applied to the topic of energy use, this research draws from the theories put 
forward by Schwartz and Zanna (1992) but largely draws on research by Cialdini, 
Kallgren and Reno (1991; 2000; 1993) and Cialdini (2003). The experiment 
monitored 290 Californian households that were given different information 
regarding their energy use. Households were given either descriptive or injunctive 
information, or a combination of both. A result where households previously 
using less than the mean energy, but rose towards the mean after receiving 
descriptive normative information would be indicative of the destructive power of 
this type of information (despite the researcher’s good intentions). If similar 
households performing better than the mean were provided both descriptive and 
injunctive normative information and did not approach the mean it would provide 
evidence towards the rationale that such injunctive queues were critical in 
curtailing the boomerang effect. The results of the study are expressed below in 
Figure 9.  
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Figure 9: Results of Descriptive, versus Descriptive and Injunctive Information (Hinterbichler, 
2008) 
Figure 9 shows that the effect of injunctive normative information was significant 
in preventing the boomerang effect. As expected, households that consumed large 
amounts of energy and were given descriptive normative information without the 
accompanying injunctive information resulted in a drop in consumption. 
However, for households using less energy than the mean, the same descriptive 
messages, without the accompanying injunctive information, resulted in an 
increase in energy consumption (moving towards the mean), thus expressing of 
the destructive boomerang effect. By adding the injunctive normative information 
to the already present descriptive normative information the destructive 
boomerang effect was curtailed significantly. The injunctive expression of 
approval in the information provided to participants led to continued low-
consumption rates in those houses initially using lower amounts of energy than 
the mean (W. Schultz et al., 2007). 
 43 
3.5 Conservation through Socialisation and Social Incentive 
This section is broken into two parts examining humans as social animals. Firstly 
exploring the possible effect of socialisation with respect to energy monitoring and 
also the need to address the larger issue of what motivates individuals to conserve 
energy. The second section considers the benefits available to research involving 
energy conservation related behaviour change when group dynamics are applied.  
 
Academics and grass-roots activists alike are frequently concerned with how 
behaviour modification can be induced by intervening in moments of local 
decision-making, and by providing people with new rewards and motivations for 
desirable behaviours (Fogg, 2003). With so much effort invested in theoretically 
accurate data visualisation interfaces, it is contrary to find so much resistance to 
their use in post-interventions in everyday life. 
 
Dourish (2009, 2010) contends that it is not the visualisation which will win 
individuals over to the cause of sustainability – it is entirely possible that no single 
interface will so fully comprehend the human psyche as to change our behaviours. 
Dourish (2009, 2010) goes on to explain that the better part of action is 
socialisation, and that we base our actions upon contact with others and the 
movement of social networks. Specifically, we compete and collaborate with 
others and these acts justify a result. Leveraging the result in an environmental 
context leads to the obvious conclusion that turning electrical appliances into 
social interfaces and connecting people through their actions could have a lasting 
impact on energy conservation.  
 
Dourish (2009) notes postcolonial scholar Gayatri Spivak (1988) who coined the 
term “strategic essentialism”, identifying the force binding together hitherto 
disparate and possibly opposed factions in an effort to achieve a common good 
(utilitarian or otherwise). Proctor (1998) went on to say that “strategic 
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essentialism” lies at the heart of the creation of the environmental movement. 
What is thought of as “environmentalism” is a political force resulting from the 
forging of an alliance between groups with concerns as diverse as open access, 
biodiversity, air and water pollution, surfing, animal husbandry, agricultural 
efficiency, bioengineering and rock climbing. “The Environment” emerges as a 
concept shaped by the union of common interests, even though these interests 
might be mobilised in different ways and for different reasons; the inherent 
heterogeneity of the group is made subservient to strategic goals (Dourish, 2009; 
Spivak, 1988).  
 
The need to explore innovative ways to persuade people of the ways in which 
their interests are aligned with those of others emerges from thinking about 
environmental sustainability from a political perspective and bearing in mind the 
important role of strategic essentialism. Sociological research into the formation of 
social movements (D. Snow, Ruchford, Worden, & Benford, 1986) demonstrates 
this process of alignment and mobilisation by which an individual can start to find 
their own interests as being congruent with those of others. This is a critical first 
step in political mobilisation that may overcome the dilemma of ‘think globally, 
act locally’ (Dourish, 2009). 
 
Summarising, this section shows that there is a need to address the larger issue of 
what motivates individuals to conserve resources. Suggesting that no one interface 
can address the needs of all users and offering that there is a need to develop 
interfaces that help people to socialise the actions they are take, as this is natural. 
The next section of this review will now go on to detail how the motivations and 
behaviours of consumers may be guided towards more sustainable lifestyles. 
 
A prominent example of a social incentive in energy conservation research is the 
subjective value associated with individuals who identify with groups of 
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excellence – groups that perform well when given a predetermined set of criteria 
in a particular context, (for example, conserving a set amount of electricity in the 
workplace each day). Studies by Siero et al. (1996) observed that members of 
particular groups sustained electricity conservation habits introduced during the 
initial research for more than a year after the conclusion of monitoring. When 
individuals associate themselves with such ‘group excellence’ there is a lasting 
impact upon their behaviour and methods of carrying out day-to-day tasks 
(Abrahamse et al., 2007; Siero et al., 1996). The status associated with membership 
of a previously non-existent group is a persistent reward and positive 
reinforcement for behaviour. The reverse to positive reinforcement is 
disassociation. This can occur when a member associates with, or is provided 
feedback on, a poorly performing group. Such cognitive dissonance can negatively 
affect individual performance but can be addressed by examining the methods in 
which feedback is given (Siero et al., 1996). It is commonly documented that 
energy-use often recovers to previous levels after an intervention; when group 
dynamics are included, usage often remains reduced and group identification 
remains (Kerr & Tindale, 2004). It is necessary to explore the development of a 
system that provides positive reinforcement, while encouraging identification 
with a group – connecting people through their resource conservation actions.  
 
Connecting people or providing facilities to cooperate with one another is a 
powerful method for improving performance (Ardichvili, Page, & Wentling, 
2003). However, the presence of ‘social loafers’ or ‘free riders’ can tax group 
efficacy in such initiatives. When groups or individuals are placed in competition 
with one another, in whatever form, individual rationality may impact upon 
resource sharing and knowledge transfer (Davenport & Prusak, 2000; Kimmerle & 
Cress, 2009). My research into sharing information about resource consumption 
investigates competition to determine whether information hording is present.  
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Poor communication and poor transference of knowledge is also problematic 
when considering online groups or computer moderated communications (CMC) 
(Lakhani & Von Hippel, 2003; Wasko & Faraj, 2005). While methods exist to 
operationalise information exchange in CMC (F. D. Davis, 1989; F. D. Davis, 
Bagozzi, & Warshaw, 1992; Goodman & Darr, 1998; Wasko & Faraj, 2000) these 
studies lean towards knowledge sharing (ease of use), reuse (perceived usefulness) 
and user acceptance of information systems that manage codified information 
(tacit knowledge made explicit) within organisations. The research is often 
concerned with extracting reusable codified information (tacit knowledge) from 
sources leaving these environments (Kankanhalli et al., 2005a; Kankanhalli, Tan, 
& Wei, 2005b). Without the repeatable transfer of crucial data, the real-world 
usability of such tools is limited (Poston & Speier, 2005) and self-evident in our 
everyday lives. Research does exist on knowledge sharing in communities of 
practice e.g. Wasko & Faraj, 2000) and is applicable to my research. However, 
research that investigates the potential of emerging CMC (such as social networks) 
and addresses individual’s behaviours and attitudes towards conservation is sparse. 
Exploring strategies to connect people through their resource conservation actions 
will offer more effective results in the emerging CMC area.  
 
These group dynamics could be of great benefit to efforts to increase reflection and 
instil action through technology. If groups were composed of individuals linked 
together through their actions - environmentally conscious or otherwise - the net 
benefit would likely be greater than in isolation. Similarly, the likely learning 
accrued by individuals may increase due to lessons learned from sources of shared 
information. Holistically, the by-product of associating and interacting with 
similar and dissimilar others in social contexts, motivated by sustainability and 
conservation may be of great value. Of great importance is the need for research 
into social strategies to employ reflective and action based persuasive technology. 
If a participatory culture exists in social networks and the data of these networks is 
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user-generated, it stands to reason that innovation will be user-led and achievable 
through current technological outlets. The scarcity of such research in the HCI 
field and a lack of applications offer opportunities for innovative solutions to build 
on the extensive communications infrastructure in use by the Australian 
population.  
3.6 Behaviour Change Models 
My research draws from two behaviour change models. The first is the model of 
responsible environmental behaviour (a rational choice model) which views 
human behaviour as regulated by a systematic process of evaluating expected 
utility (self-interest). This model extends the more traditional attitude models by 
including the intention to act as well as situational factors (such as knowledge of 
issues and of appropriate action) in determining whether attitudes actually predict 
behaviour (Froehlich et. al., 2010). To give an example, a person may understand 
what is environmentally most beneficial (i.e. not printing a document), but as part 
of their job role may be required to print often. I argue that this leads to 
equanimity in an individual; an understanding that the overall utility of acting in 
accordance with expectations of others motivates the individual to take an action 
they may view as unnecessary. This can also be the case when the alternative 
means changing the expectations, attitudes, or behaviours of others (Kerr & 
Tindale, 2004). 
 
The second model I draw from comes from research by He, Greenburg and Huang 
(2009), who put forward a Transtheoretical model for motivating sustainable 
energy consumption behaviours. The Transtheoretical model extends the theory 
of planned behaviour by monitoring emotional readiness. While drawing from a 
wide range of psychological resources, including Schwartz and Zanna (1992), the 
authors make use of the Transtheoretical model as the basis of their motivational 
framework. As shown in Table 1, the model is broken into the standard five stages. 
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Pre-contemplation  The individual may be unaware, uninformed, unwilling or discouraged 
to change the problem behaviour. They do not believe the negative 
aspects of the current behaviour outweigh the positive. 
Contemplation The individual acknowledges that their behaviour is a problem and 
begins to think seriously about solving it. While they can be open to 
information about the problem behaviour, they still may feel 
ambivalent, and as such, may be far from making an actual commitment. 
Preparation The individual is ready to change. They aim to develop a plan they can 
commit to in the near future.  
Action The individual takes action by overtly modifying their behaviour.  
Maintenance, Relapse, 
Recycling 
The individual works to sustain the behaviour change, and struggles to 
prevent relapse. If relapse occurs, individuals regress to an earlier stage 
and begin to progress through the stages again. 
Table 1: Five stages of the Transtheoretical model (He et al., 2009) 
The authors further elaborate on the framework stages by providing action-based 
activities for each stage as shown below in Table 2. 
Pre-contemplation   "Plant the seed" to acknowledge problematic and unsustainable 
behaviours  
 Address barriers to sustainable energy action by providing 
information of actions that make a difference 
Contemplation  "Tip the balance" in favour of change 
Preparation  Develop a plan that is acceptable, accessible and effective. These 
plans can relate to "one-shot actions" or "day-to-day" actions  
Action  Reinforce action 
 Develop intrinsic motivation 
Maintenance, Relapse, 
Recycling 
 Maintain behaviour by developing intrinsic motivations of 
interest, curiosity, enjoyment and competence 
Table 2: Stage based activities for the Transtheoretical model (He et al., 2009) 
Using these five stages, He, Greenburg and Huang (2009) suggest that participants 
may eventually change their behaviours. My research uses the behavioural change 
 49 
model put forward by the authors to help address the need for change to long-held 
behaviours, habits and attitudes in participants.  
 
Notably, He, Greenburg and Huang (2009), highlight the need for durability of 
behavioural change and the ‘generalizability’ of targeted behavioural impact into 
other behaviours; targeted behaviour should offer a ‘spill over’ effect onto 
untargeted conservation behaviours. The notion of ‘spill over’ was put forward by 
De Young (1993) and relates to a larger shift in behaviour towards more 
sustainable living. However, De Young’s theory is not proven yet given that 
evidence to support the theory is still limited (Upham et al., 2009). My research 
looks for evidence of spill over behaviours, and also for those that are off-limits 
(Strengers, 2011).  
 
There has been a recent swing from employing moral messages as incentives to 
conserve resources – guilt, it seems, is not motivating in the long-term and can 
even engender some resentment (J. Davis, 2008). Importantly, the prior statement 
does not negate the broader application of the cognitive dissonance theory as a 
tool for demonstrating behaviours and attitudes at odds (Aronson, 1997). It is 
arguable that framing environmental consciousness in terms of personal moral 
choice presents three problems. Firstly, moral-choices commit to a form of 
ecological utopianism, where internal contradictions provide a questionable basis 
for practical action. Secondly, moral choices implicitly adopt a model of ecological 
market capitalism, where only the wealthy are able to adopt an ecological lifestyle 
with ease (this may be as much a problem as a solution). Thirdly, such choices 
systematically close off areas of inquiry that reach beyond individual morality and 
consequent energy consumption (Dourish, 2010). 
 
Studies often report that the effect that such devices may have – ecologically 
utopian, moralised or otherwise – is temporary (Hagen & Underwood, 2008; 
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Petersen et al., 2007), and the psychological method used to instigate the initial 
changes of behaviour, when concluded, often leaves the participants informed, but 
no more environmentally conscientious or pro-active in conserving energy (Kerr 
& Tindale, 2004; W. Schultz et al., 1995). One may venture that a return to less-
sustainable practices relates to the perceived effort associated with achieving 
conservation goals, and the translatability of such action to a perceived or equated 
reward. Further, the ‘novelty effect’ of the encouraged behaviour may wear-off 
and lead to the disuse of associated tools (Upham et al., 2009). The crux of this 
issue is at the intersection of action and reward: effort must be matched by a 
reward that the consumer values and will continue to value.  
3.7 Field Exemplar – Theory Applied 
One of the prominent interfaces designed in recent years specifically aimed at 
tackling green transportation using HCI is UbiGreen, developed by Froehlich et al. 
(2009). UbiGreen is designed to explore current transportation habits, specifically 
the willingness to use green transportation and to sustain that behaviour. One of 
the key additions to UbiGreen, when comparing it to previous green mobile 
interventions (such as S. Consolvo et al. (2008)), is that there are two distinct 
versions of the interface that offer users different options for accepting the idea of 
conservation. From an interface design perspective, UbiGreen accepts that the 
motivations, attitudes and behaviours of participants are different (interface design 
specifics are discussed later in this section). Figure 10 shows the two versions of 
the interface.  
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Figure 10: Stages of the two UbiGreen interfaces (Froehlich et al., 2009) 
Building on past research, for example Dillahunt et al. (2008), Froelich et al. 
(2009) employ known motivators (such as frequent personalised feedback and goal 
setting) to support their interface design exploring six design concepts. Based on 
participant responses the authors concluded that mobile interfaces could be 
engaging, and develop two separate interfaces.  
 
While the research yielded a wealth of data on user experiences of the mobile 
device and accompanying sensors, the key findings of relevance to the current 
research were the findings related to the perception of progress within the 
UbiGreen interface. The two final interfaces were designed to show meaningful 
progress towards a pollution goal and reset once this goal was reached. As the user 
chose greener options for transport, thus producing less pollution through their 
transportation, the interface reflected this by displaying 'growth' within the scene: 
The first of the two interfaces showed a tree gaining leaves and changing colours, 
while the second’s polar scene displayed more ice and arctic fauna. It was 
discovered that the perception of growth led to a sense of meaningful progress and 
approval (or disapproval) and also a belief that the interface was a game. Once 
participants had achieved the full measure of the interface - a fully grown tree or a 
polar scene with the northern lights - they had finished their task.  
 52 
 
Another important finding was that users commented they were determined to 
reach this goal to find out what happened, but were somewhat disillusioned when 
they realised the interface would start over (Froehlich et al., 2009). One 
participant said that the novelty of the interface wore-off after the goal had been 
achieved a number of times; this may suggest that a novelty value for the 
interfaces existed (He et al., 2009). For my research this means interfaces showing 
progress should depict it as a continual effort rather than a goal completed once. 
 
A further compelling finding was the comment from some participants that they 
had the urge to cheat: to get to the perceived end of the ‘game’ by achieving the 
final interface display. This sense of ‘earning points’ was seen as negative by some 
participants, as the system could be circumvented by taking unnecessary trips to 
‘beat your previous score’ (Froehlich et al., 2009). To address this concern, the 
authors developed a set of future recommendations to skew points towards zero-
carbon trips (walking, bicycling) and to reward the user based on decreasing the 
number of trips in a given period compared to the previous period. The comments 
on perceived problem points in the design of the interface suggest the need to 
address different users’ interface requirements. It is also apparent that providing 
two interfaces does not necessarily address the needs of all participants. 
Participants’ expressions on what they personally deemed relevant, including 
negative imagery and the elimination of other metrics that held no perceived 
motivational value (ibid), reinforces the importance of designing interfaces for 
different user archetypes.  
 
Such use of cognitive dissonance supports the sustainable energy consumption 
framework suggested by He, Greenburg and Huang (2009). The authors comment 
that while cognitive dissonance can promote resistance, it can also demonstrate to 
participants that they hold a psychologically inconsistent attitude and behaviour 
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(Thibodeau & Aronson, 1992). What is reflected in these negative statements is 
the need for a consistent challenge and the need to encourage the user with 
potentially counter-factual information – factual information that may seem false 
to the participant. This style of statement was recently cited by Pearce, Smith, 
Nansen and Murphy (2009) as a source for engendering participant trust in a social 
network targeting more sustainable gardening practices.  
 
This section has shown the need for multiple interfaces, demonstrating their 
effectiveness in a successful field study promoting more sustainable living. In 
addition UbiGreen shows the need for configurability in the interfaces, as the 
research participants desired different metrics they saw as relevant. Both of these 
insights support the activities of my research in understanding how best to 
promote lifestyles of reduced resource consumption. This field study also 
demonstrated some possible interface design problem points for the current 
research, such as the perception that the intervention is a game, which can be 
finished or cheated. The interface also provides some information on the desire of 
participants to be awarded status or credits in recognition for their achievements. 
These findings are directly applicable to the development of my persuasive 
designs. UbiGreen also demonstrates the novelty effect discussed previously and 
the authors offer methods for addressing this.  
3.8 Sustainability  
Lastly my research undoubtedly needed to consider what sustainability meant, 
both as a term of reference and as a source of design inspiration. Sustainability as a 
term is conceptual and thus difficult to unpack. Implicit assumptions of industry 
specific definitions often simply define industrial behaviour patterns. A more 
holistic definition is found in the United Nations Brundtland Report, which 
defines sustainability as “development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs” (World 
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Commission on Environment and Development, 1987, pp. 8-9). The Brundtland 
definition is concise and functional from a local to global scale, importantly 
leaving little room for alternative interpretations by industry (Mebratu, 1998). It 
also highlights the integral role intergenerational equity plays in realising 
sustainability, as we are constrained to a single shared environment with finite 
bounds and a carrying capacity determined by the consumption of humankind.  
 
Sustainability must consider social, environmental and economic imperatives, 
where these three pillars converge is where true lasting sustainability must occur. 
Sustainability from one or two of these perspectives is unlikely to produce an 
equitable future at an intergenerational scope. Our impact as a species is best 
defined by the destruction of biophysical resources - this definition does not 
change whether we are talking about humankind or an individual. Per person 
destruction must slow or we are going to need another planet.  
3.9 Feedback Principles: Office versus Domestic Environment 
The design principles discussed in the literature review and theoretical framework 
highlight an interesting dilemma surrounding the methods used to promote 
behaviour change in participants, given that the individual or third-party control 
(see Pierce, Odom, & Blevis, 2008) present in a domestic environment differs to 
that of an office environment. As P1 and P2 take place in office environments, 
rather than domestic environments, it is important to establish whether the 
feedback mechanisms employed should differ. Firstly, the transtheoretical model 
of behaviour change is not environment dependant, focusing on the individual 
and their preparedness for change. The application of the transtheoretical model is 
as a lens for undertaking research, guiding interventions, and where the 
implementation of the intervention, or methods for conducting the research may 
vary, the change in preparedness of the individual operates independent of 
whether the environment is domestic or official.  
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As demonstrated by Thieme et al. (2012) in their study surrounding office refuse, 
social influence, and behavioural motivation, can successfully be employed in a 
similar fashion to those undertaken in P1 and P2. Indeed the methods for 
motivating an individual do not often change in HCI research given that the 
interventions often cross multiple environments (e.g. Froehlich et al. (2009) 
transport behaviour change experiment) where the individual experiences 
different levels of control. Demonstrating this elegantly Jentsch, Jahn, 
Pramudianto, Simon, and Al-Akkad (2011) asked participants if they could see 
themselves making use of their smartphone as a feedback device for their energy 
consumption in an office environment, 23 of the 24 respondents agreed, offering 
that they would like to see overviews (n=19), tips (n=14), and control devices 
using their smartphone (n=21). 
 
One aspect of relevance for my research is a consideration of the importance of 
consensus building in office – or other – environments where the impact of the 
decisions of individuals impacts the whole. Murakami, Terano, Mizutani, Harada, 
and Kuno (2007) provide an interesting case for the optimisation of office air-
conditioning temperature, subject to consensus building input from individuals 
experiencing a feeling of warmth or coolness, at their workstations. While 
assessing this style of consensus building is beyond the scope of my current 
studies, it is an interesting dynamic that is in play for teams experiencing a 
reduction in paper consumption through changes to printing norms. When efforts 
are made to leverage social comparison through the use of descriptive normative 
information shared with other teams, there may well be a need for consensus 
building to re-establish normative behaviour within each team.  
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3.10 Summary 
The persuasive technologies created, as part of my research, must be guided by the 
principles of sustainability and encourage pro-environmental behaviour. Issuing 
feedback on resources consumed as part of daily living necessitates a one-size-
does-not-fit-all design mentality to engage with the range of attitudes, motivations 
and contexts. My theoretical framework guides the range of work required for this 
dissertation. Summarised below are the key components. 
 
Firstly the interfaces should employ a degree of configurability, or enable 
participants to interpret their consumption through a range of differing interfaces 
view (He et al., 2009). I should check which view or configuration - if any - 
participants favour, and what opinions are held regarding differing views or 
configurations (Froehlich et al., 2009).  
 
The feedback provided to participants should aim to change their attitudes (Fogg, 
2003) or at least their behaviours (Lockton et al., 2010). This will be accomplished 
using persuasive methods such as social influence. The emphasis should be placed 
on discovering the feedback, which the participants believe, changed their 
attitudes or behaviours. Further, the feedback should be offered in a timely and 
regularly fashion on, if possible a highly localised display like a mobile device 
(Abrahamse et al., 2005). The information should promote comparison and 
healthy competition – when competing or comparing, the information should 
include injunctive normative information to avoid possible boomerang effects 
back toward the norm (W. Schultz et al., 2007). Participants should be set goals in 
cases where it is relevant (Abrahamse et al., 2007).  
 
My aim is for information provided by the interfaces to be memorable. To 
accomplish this, it should attract attention and be easily understood. It should also 
be accessible and provided at a contextually relevant time and place. Where 
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possible surprising facts should be offered as a way of promoting interest in a topic 
of growing expertise (Pearce et al., 2009).  
 
Where privacy is not an ethical concern I should attempt to leverage social status, 
and the social networks of participants to increase engagement with the topic 
(Pearce et al., 2009). In communications, and as part of the interface design, I will 
help participants identify with the larger topic of sustainability (Dourish, 2010). 
Once the participant is ready they should also be engaged with a group of 
excellence as these have been shown to offer long-term benefits well after the 
conclusion of any interventions (Siero et al., 1996). This also helpfully addresses 
existing social status questions. Finally, these groups should have, where possible, 
their performance compared with those participants operating as individuals, in a 
meaningful way.  
 
When designing interventions, it should be understood that I am moving some 
participants through a process of becoming environmentally aware, encouraging 
them to conserve rather than consume. Other participants will already have 
reached the action or even maintenance stage thanks to their own previous 
experiences (He et al., 2009). When first engaging with a participant, and during 
interviews, I should highlight and encourage discussion of the possible benefits of 
what they are doing, or planning to do, and also look for signs of reflection in the 
individuals on their current attitudes of behaviours (ibid). Where information 
does not already exist, my interfaces will address the initial need for participants 
to move from pre-contemplation, to contemplation (ibid).  
 
When individuals reach the action stage, they should be provided with a more 
persuasive interface if possible, to help them further engage with their resource 
consumption (ibid). When interviewing participants I should then look for signs 
of relapse to old behaviours, or how behaviours are being maintained. For clarity, 
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these efforts, wherever possible, should be codified by the participant, providing a 
future behaviour inventory for reflection and my own research (Froehlich et al., 
2010). These behaviours can be used for developing a common behaviour 
inventory and also help to highlight areas where the participant has not changed 
their attitudes or behaviours given their context. 
  
Following the advice of UbiGreen, my interfaces, while including game and play 
elements, should not appear to be a game as a whole, and not something to be 
beaten or cheated. However, progress should be made evident for those 
interacting with the interfaces. A meaningful achievement system is also desirable 
when providing interfaces with participants conserving resources (Froehlich et al., 
2009).  
 
Lastly, my work should encompass a do no harm approach when interacting with 
the environment and participants willing to contribute to my research. I should 
avoid moralising choices (J. Davis, 2008) and should appear impartial but 
encouraging. I should not discourage participants or chide them based on any 
inaction. Further, this inaction, and the justification thereof, provides an insight 
into the attitudes currently held by the participant and their priorities. 
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4 Methodology 
This chapter is concerned with my choice of methods, the rationale they are based 
on, and how they were applied throughout my studies. In the course of this 
discussion, my use of case studies and user-centred design is justified with 
reference to the research setting and artefacts that were developed. Subsequently, 
the discussion is extended to explain how empirical data was gathered and 
analysed. The components of this chapter are mirrored in the structure of the 
following case study chapters to help explain the aspects that differ from case to 
case.  
 
To help set the scene for the discussion to follow, an overview of my case studies is 
shown below in Table 3 (the order is chronological but grouped by resources). 
Resource & Paradigm  Study Details 
P1 - Pg. 77 Units of analysis: Office environment, Individuals 
- Immersion in office environment (three months)  
- Gathering direct & non-participatory observations 
- Interacting with participants 
- Conducting exploratory interviews 
- Pilot study of resultant persuasive technology 
Paper (2009 – 2010) 
Qualitative 
15 participants 
P2 - Pg. 82 Units of analysis: Office environment, teams 
- Long-term study (one year including baseline) 
- Replication study testing P1 themes 
- Conducted in a different office environment  
- Persuasive technology developed in P1 applied 
Paper (2010 – 2011) 
Quantitative 
20 participants 
 
E1 - Pg. 84 Units of analysis: Domestic environment, individual 
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Energy (2010 – 2012) 
Mixed methods 
Pilot: 3 people 
Follow up: 10 people 
- Synthesis of literature findings 
- Extensive researcher testing of existing tools 
- Exploratory interviews over three month period 
- Collaborative engineering of bespoke solution 
- Expert user review of prototype 
- Pilot study of resultant persuasive technology 
- Follow up study in real-world environment 
E2 - Pg. 87 Units of analysis: Domestic environment, individual 
- Synthesis of literature and prior findings of PhD 
- Collaborative engineering of improved bespoke solution 
- Extensive researcher testing of existing tools 
- Expert user review of prototype 
- Pilot study with subject matter experts 
- Follow up study in real-world environment 
Energy  (2011 – 2012) 
Qualitative 
Pilot: 5 people 
Follow up: 13 people 
E3 - Pg. 90 Units of analysis: Domestic environment, individual 
- Initial tool deployment to subject matter experts 
- Feedback gathering over six months 
- Visits to domestic environments using tools 
- Gathering direct & non-participatory observations 
- Exploratory interviews at different public events 
- Follow up study using tools including E2 
- Conducting initial interviews & demographic data 
- Interacting with participants (tool in-situ photos) 
- Conducting month one interviews 
- Installation of alternate tools (E2) for chosen participants  
- Conducting month three interviews 
Energy (2009 – 2012) 
Qualitative 
Initial: 6 people 
Follow up: 32 people 
Table 3: Case Study Overview 
When arriving at a case study approach for this research, other research methods 
were considered for their appropriateness, particularly action research. Prefacing 
this discussion, it is important to note that researcher bias may be present due to 
past experience or preferred research style (Maxwell, 2005). My previous 
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experience in using case study methodology in an independent research setting 
may well have impacted upon my choice. Another relevant source of bias is that 
my preferred mode of research is qualitative. I believe in the importance of 
observations and interviews to accrue rich data in research.  
 
Experiments or laboratory based research in artificial settings were largely 
eliminated by the types of explanations sought by this research, the expected 
study periods, and likely research sites, namely office buildings and domestic 
dwellings (Yin, 1994). Conducting a controlled experiment within a home, to 
determine how individuals use energy, would be no more fruitful than having that 
same family make use of energy in a laboratory setting (this also counts against 
conducting a field study (Kjeldskov & Graham, 2003)). The artificial nature of the 
energy use would prevent the information gathered from being generalizable for 
the larger population. Likewise, attempting to control confounding variables 
within a home, would likely void any real behaviour pattern (Kjeldskov & 
Graham, 2003) and contribute to participant disengagement.  
 
Qualitative methods were also favoured due to a desire to purposefully select 
participants. While the results have generalizability to the general population and 
indeed draws from them, there is no benefit of probability sampling to reach this 
goal. Where probability sampling falls short is that as any member of the 
population has a non-zero chance of being chosen, a situation may emerge where 
all of a particular, and relevant, demographic group, say families with children, 
may unfavourably be eliminated from the research (Maxwell, 2005).  
 
Mixed methods were applied in the paper case studies (P1 using qualitative 
methods, P2 using quantitative), in part to satisfy RQ1 but also as a pragmatic way 
to position the research given the research setting. The aim is to fit together the 
insights available through the combination of qualitative and quantitative methods 
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(Johnson & Onwuegbuzie, 2004). It would be challenging to rigorously establish 
the efficacy of the persuasive technology deployed to answer RQ1 through 
qualitative methods alone. Philosophically, having already stated my tendency 
towards qualitative methods, the inclusion and use of quantitative methods helps 
to broaden the conversation and draw different insights from the growing pool of 
analysed data. The dualism of the research methods helps not only to test the 
assertions I make as a qualitative researcher, but also to strengthen the 
implication’s findings (Johnson & Onwuegbuzie, 2004).  
 
Action research (AR) was also examined for applicability as it investigates a 
phenomenon through intervention in a problematic situation (Bilandzic & 
Venable, 2011). On the surface, this is similar to Yin’s (1994) definition of a case 
study and indeed AR pioneered by Lewin and Cartwright (1952); it is a method for 
extending case studies by involving the researcher more directly with the 
phenomenon being studied. AR simultaneously conducts research and develops 
interventions (Iivari & Venable, 2009). The emphasis is to change, and by doing so 
improve processes, rather than to search for knowledge about the processes 
themselves (Shneiderman & Plaisant, 2006). Case studies instead place emphasis 
upon observation and gathering rich data, not requiring intervention implicitly. 
This approach suited me, given that I first wished to focus on developing a deep 
and rich understanding of the environments, and if appropriate, develop 
interventions applying a user-centred design philosophy. Combining these two 
methods presents an ideal middle ground. The researcher expects they may deploy 
an artefact of some description and so, is equipped with design principles that 
facilitate an iterative process involving participants to achieve best results but 
understands that the ideal solutions may take months to emerge, given the 
complexity of the problems being approached in a particular environment. This 
position is particularly attractive as it allows the researcher the latitude in a 
longitudinal study to arrive at multiple conclusions without being forced to 
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introduce a change into the environment, which may unnecessarily educate or 
prime participants.  
 
This discussion of the case study method also helps to elaborate upon why design 
science as a paradigm was not ideal for my research. Given that design science 
attempts to address a problem by introducing a solution technology intervention, 
it is a good match with AR (Bilandzic & Venable, 2011). Design science, however, 
insists upon the evaluation of the technology with a strong usability focus. In my 
own work, I was less concerned with the overall usability of the technology – 
though this was given sufficient attention – and more concerned with how having 
access to previously inaccessible information impacted lifestyles and behaviours. 
This type of data is best gathered through multiple case studies.  
 
I will now explain how the chosen methods help to unravel and answer my 
research questions.  
 
RQ1: Over longer time periods do persuasive methods promote environmentally conscious 
behaviour? 
 
Answering this question is important for my study as it establishes whether 
environmental psychology literature dating from previous decades (Becker, 1978; 
Hutton et al., 1986; Seligman & Darley, 1977; Shaw, 1961; Yates & Aronson, 
1983), and emerging HCI literature seeking to apply the tenants (Abrahamse et al., 
2007; S. Consolvo et al., 2008; Darby, 2006; Froehlich et al., 2009; Petersen et al., 
2007; Pierce et al., 2008; Strengers, 2008), accurately depict the effectiveness and 
efficacy of different feedback mechanisms in providing targeted feedback to 
people. It is not an uncommon criticism of HCI interventions that they are often 
begun and ended within a matter of weeks, limiting the generalizability of their 
results (Pierce et al., 2010).  
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The inferred hypothesis is: persuasive technologies are, or are not, able to 
influence individuals in the long-term without intervention from the research 
team. Establishing this truth within my research is fundamental. It is the 
foundation for future case studies, interpretation of field literature, and 
accompanying motivational strategies.  
 
The first, and most important, part of this research question is realising - at the 
outset - that any intervention seeking to answer this question needs to take place 
over a longer time period. An acceptable minimum length for a longitudinal study 
of this type is approximately a year (Shneiderman & Plaisant, 2006); this time 
period will be used to define long-term, though in other settings beyond the scope 
of this research it may well infer multiple years.  
 
Having established the meaning of long-term for my research, I will now explain 
how I approached the research to be undertaken in answering RQ1 in my two 
case studies involving paper.  
 
RQ1 is easily separated into three phases: preparation, pilot study, and long-term 
study. During the preparation, the tasks are largely to do with understanding the 
environment, policies, culture, history and systems in place (Rose, Plaisant, & 
Shneiderman, 1995). This is necessary as without this in-depth understanding, it is 
not readily obvious how to address my goal of promoting environmentally 
conscious behaviour and entirely appropriate for a case study. The pilot study 
should draw from field exemplars, modelling the methods applied previously to 
the current case, synthesising the findings of disparate research. The aim is to 
develop and evaluate a persuasive technology that matches with what literature 
states will most likely suit the purpose. Lastly, the persuasive technology should be 
deployed in a real-world environment, long-term and independent of further 
intervention from the researcher - a real-world environment and long-term 
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deployment help to address shortcomings and generalizability. Operating without 
interference or influence from the researcher enables sound assessment of 
whether the persuasive technology succeeds without pollution by the research 
team that may encourage, or inhibit, use.  
 
It is worth noting that this is a starting point for the researcher establishing a truth 
within the PhD. Depending on the outcome of the inferred hypothesis, for 
example success or failure of the persuasive technology in isolation from 
researcher influence, the involvement of other motivational strategies can be 
viewed as either complementary or necessary.  
 
Looking again at RQ1, we can see that I am assessing my research over a one year 
deployment in a real-world office environment. This satisfies the first component 
of the RQ and is entirely the domain of a case study. By drawing heavily on 
existing literature and synthesising their findings, the resultant artefact developed 
can indeed be classified as a persuasive technology, not only by intent, but by 
feature set. Lastly, by separating the researcher from the persuasive technology, I 
am answering whether or not the inferred hypothesis is indeed sound.  
 
RQ2: What are persuasive designs that will effectively promote behavioural change towards 
lifestyles with reduced resource consumption? How can these designs be tailored to the needs 
and preferences of different people? 
 
RQ2 is a design question requiring the iterative design, test, and deployment of 
different persuasive designs to arrive at a suitable answer. User centred design fits 
this approach well, and is augmented by the marriage in my research to the 
methods used by a case study to gather evidence. Each design was assessed against 
whether it helped promote lifestyles with reduced resource consumption.  
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RQ2 also takes the philosophical position, as discussed in the previous conceptual 
framework chapter, that people are inherently different, asking how the 
persuasive technologies developed can be co-opted or modified to match their 
individualised array of attitudes, desires and beliefs (Darby, 2010; Froehlich et al., 
2010; He et al., 2009; Steg & Vlek, 2009).  
 
RQ2 seeks to observe and collect data on the behaviours of individuals. Over time, 
this data is analysed to detect changes and draw conclusions. This style of 
comparison over time in a domestic environment, where the researcher cannot 
maintain a presence without adversely impacting results, means that data will 
most often be self-reported. Case studies are an appropriate method for gathering 
this type of information, as the format of an interview with open-ended questions 
allows the researcher the latitude to explore issues (Yin, 1994). Observations and 
direct interactions with participants also provide a rich source of data, and a 
potential avenue for influencing behaviour.  
 
A change in behaviour is often predicated by a change in the attitudes and beliefs 
of an individual; the predictive power however, varies depending on the type of 
behaviour (Ajzen, 1991). For example, a person’s general attitude towards health 
will not predict their propensity to jog, a specific attitude about jogging may 
however. As I am not an environmental psychologist, establishing the mechanics 
of behaviour change in this context are beyond the scope of my research. As a 
computer scientist, emphasis is instead placed upon understanding what guides 
behaviour change (such as Ajzen, 1991; Froehlich et al., 2010; He et al., 2009; Steg 
& Vlek, 2009) and applying these methods to augment the likelihood of a 
persuasive design promoting behaviour change towards a lifestyle with reduced 
resource consumption.  
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The philosophical position taken in RQ2 necessitated the development and 
deployment of multiple persuasive technologies with different interfaces, in a 
nascent research space. In 2008 and 2009, efforts by researchers (such as 
Fitzpatrick & Smith, 2009; Froehlich et al., 2009; Froehlich et al., 2010; Strengers, 
2008) argued for numerous key criteria in developing effective persuasive 
technologies addressing individual resource consumption. By 2010, influential 
authors such as Darby (2010) and Pierce et al. (2010) had already cemented their 
earlier distrust, commenting upon the ineffectiveness of the commercial offerings 
and research outputs both, and also the criteria used to assess them. I saw this as a 
real strength of the positioning on RQ2.  
 
RQ2 already sought to answer one of the key criticisms of commercial offerings, 
their lack of customisation and extensibility (Darby, 2006, 2010), and also took a 
user centred design approach to the iterative design of these persuasive 
technologies. User centred design offered a useful method for grappling with the 
uncertainty in the literature as to the way forward, as participant involvement in 
the design process is established early and maintained throughout, facilitating 
multiple design iterations (Gould, Boies, & Ukelson, 1997).  
 
In summary to answer RQ2, I developed three persuasive technologies to 
determine what methods were useful in promoting reduced resource 
consumption. Participants were involved throughout the iterative design process 
helping to improve the quality of the deployed technologies. Interfaces provided a 
suite of services derived from our own findings and those found in the literature, 
and the ability to configure their interfaces to align with their preferences. 
Participants were interviewed and directly observed on at least three occasions to 
build a case for the effectiveness, or ineffectiveness, of the deployed persuasive 
technologies.  
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The latter half of this chapter details the step-wise process applied when 
conducting my research, breaking down the process of each case study into 
components. Each component outlines the main activities that were conducted 
and why, as well as what they brought to the research. This process was informed 
by the literature, drawing both from methodology texts and the journal and 
conference publications of leading practitioners. A detailed discussion of the 
methods applied to my studies is found within each of my case study chapters. 
This approach was chosen to help guide the reader, and to explain the study-
specific research approach applied. Table 4 below outlines the major sections:  
Chapter Section Description 
Pg. 68 This is a short discussion of the conduct of a case study 
for the purposes of my research. A larger discussion is 
found at the end of this chapter in the methods 
discussion.  
Case Study Design 
Pg. 73 To help the reader understand the flow of the research 
as it took place over the candidature. Timeline 
Pg. 74 A table summarising the collaborations present to make 
this research possible.  Collaboration  
Pg. 75 Standard ethical clearance to conduct research of this 
type.  Ethical Clearance 
Pg. 77 A discussion of my first case study and persuasive 
technology. Study P1 – paper 
Pg. 82 The second of my case studies focusing on paper, which 
extends the research of P1 applying the same persuasive 
technology.  
Study P2 - Paper 
Pg. 84 My first two energy case studies (E1 informing E2), their 
features and the persuasive technologies developed.  Study E1 & E2 – Energy 
Pg. 90 
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Study E3 - Energy My final case study using E2 and other persuasive 
technologies over three months in 32 homes.  
Pg. 92 An extended discussion of the guiding theories and 
methods applied throughout this research to ensure 
rigour and validity.  
Research Rationale and 
Theory 
Table 4: Methodology Chapter Outline 
4.1 Case Study Design 
“A case study is appropriate when a ‘how’ or ‘why’ question is being asked about a 
contemporary set of events over which the investigator has little or no control” 
(Yin, 1994, p. 9). While the specific wording of questions is important, emphasis 
should be placed on the explanatory nature of the questions, what they elicit, and 
their examination over time of the operational links - pertaining to a process or 
series of actions for achieving a result - of the research, rather than their 
frequency.  
 
Adapting the research objectives to the conditions just discussed, this research 
conducts multiple embedded case studies. In addition to answering “how” and 
“why” questions, the research was conducted within domestic settings and a 
professional work environment and focused on the effects of different design 
interventions aimed at reducing resource consumption. The domestic and 
professional environments are ideal settings for real world research, but do not 
offer the ability to control behavioural events required for an experimental, 
quantitative approach. This approach would be impractical from a personal and 
business perspective and would not answer the proposed research questions 
(justification of the appropriateness of chosen sites is discussed later in the 
chapter). Where appropriate, quantitative methods have been applied, particularly 
within the final deployment of the paper case study software. Additionally, the 
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categorisation of the research as an embedded case study examining the critical 
case is visualised in Table 5. 
 Single-Case Designs Multiple-Case Designs 
Holistic (single unit of 
analysis) 
TYPE 1 TYPE 2 
Embedded (multiple units of 
analysis) 
TYPE 3 TYPE 4 
Table 5: Case Study Methodology Appropriateness (Yin, 1994) 
Yin (1994) specifies six categories of data used to contribute to the findings of a 
case study: documentation, archival records, interviews, direct observations, 
participant observation, and physical artefacts. These six sources are not viewed as 
an exhaustive examination of all possible sources of evidence, but rather broad 
categories under which numerous sources fall.  
 
The critical case refers to the nature of the research environment (domestic and 
professional). That is, the candidate for the research represents a critical case in 
testing a well-formulated theory (Yin, 1994, p. 38). The research being conducted 
is based around existing resource monitoring and HCI theory. This research 
examines firstly the development of a set of personas based upon environmentally 
conscious behaviour, and secondly, how persuasive designs may be tailored to 
effectively promote behavioural change towards lifestyles with reduced resource 
consumptions.  
 
Table 6 taken from Yin (1994) demonstrates, conveniently, the relative abilities of 
differing research methodologies, separating the conditions into the following 
three categories (Yin, 1994): 
 The type of research posed; 
 The extent of control an investigator has over actual behavioural events; 
 The degree of focus on contemporary as opposed to historical events. 
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Strategy Form of Research 
Question 
Requires Control Over 
Behavioural Events 
Focus on 
Contemporary 
Events? 
Experiment How, Why Yes Yes 
Survey Who, What, Where, 
How many, How much 
No Yes 
Archival 
Analysis 
Who, What, Where, 
How many, How much 
No Yes/No 
History How, Why No No 
Case Study How, Why No Yes 
Table 6: Relevant Situations for Different Research Strategies (Yin, 1994) 
When establishing the appropriateness of a case study methodology for the 
current research, the features necessary for its conduct were examined. These 
features, discussed by Yin (1994) and Stake (1995), are summarised as follows: 
 The questions that the research seeks to address are more explanatory, 
taking the form of “how” and “why”. 
This research poses an overarching question of how do we get individuals or teams 
to remain engaged with their resource consumption data over longer time periods, 
and why do they disengage? 
 The research seeks to examine contemporary events. 
The functionality of researching contemporary events is best represented by the 
ability to record as a primary source: directly observing and interviewing those 
involved in the domain of research. Yin (1994) notes that while contemporary 
events do not disqualify histories, their distinct contribution is the retrospective 
report on a no longer active (‘long dead’) subject matter. As domestic energy 
monitoring within Australia at the level of sophistication considered in my case 
studies is relatively new, the data gathered directly via interviews is extremely 
pertinent to the research.  
 The behaviours of the research agents cannot be manipulated. 
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While certain research situations may informally manipulate agent behaviour, 
absolute control of agent behaviour is undesirable. This is a key constraint for an 
experimental methodology, seeking to control all but one variable, “directly, 
precisely, and systematically” (Yin, 1994, p. 8) manipulating behaviour. Given that 
the case studies took place in domestic and office environments, it would be 
inappropriate to try and control the behaviours of the individuals over time. 
While a demonstration of standard use might be requested during an interview, 
providing external conditions on the use of the feedback mechanisms would 
detract from the stated aims of the research. For example, findings relating to the 
usage patterns or engagement might not be predicated by the individual, but 
rather, by the conditions of the research method. 
 
As with all academic research, reliability and validity of the findings must be 
addressed, as the theory development for a case study continues to develop 
throughout the lifecycle of the research. In an effort to satisfy quality standards of 
research design, the research conducted in the first case study examining paper 
usage norms will impact the methods applied to the second and third energy 
monitoring cases. The second case will help test for validity and soundness of the 
first and further develop the findings applied to the third case. Figure 11 below 
illustrates the case study research process: 
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Figure 11: Case Study Method, Adapted From Yin (1994, p. 50) 
4.2 Timeline 
Figure 12 below outlines the major phases for each of the case studies conducted as 
part of this research. 
 
Figure 12: Case Study Timeline 
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4.3 Collaboration 
The collaborations listed in this section are largely concerned with providing 
access to physical resources, data or financial aid. My research would not be 
possible without collaboration with the Queensland State Government, nor would 
it be able to make such good use of the current generation of wireless energy 
monitors present in Queensland homes without collaboration with 2 Save Energy, 
and CurrentCost. Industry collaborators have not provided direct research 
recommendations.  
 
As there are quite a lot of collaborative arrangements, and they are not the focus 
of this chapter, the information has been tabulated and summarised in Table 7. 
The full details of each collaborative arrangement can be found in Appendix B.  
 
Collaborator Main 
purpose 
Summary 
Smart Futures 
Fellowship 
Funding and 
research 
support 
My research is part of the Smart Futures Fellowship 
awarded to Associate Professor Marcus Foth (QUT 
RM 2009000003: Ubiquitous Computing to Bring 
Real-time Environmental Data into the Homes and 
Hands of Queensland Residents) to develop 
technologies for people that enhance their ability to 
lead more sustainable lifestyles (2009 – 2011) 
National ICT 
Australia 
Funding and 
research 
support 
NICTA provided a supplementary scholarship and a 
NICTA-based advisor (Dr Ricky Robinson) 
Climate Smart 
Home Service 
(CSHS) 
Research 
support 
A memorandum of understanding was developed 
with the Department of Energy and Resource 
Management (DERM) to facilitate access to CSHS 
participants. 
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CitySmart Pty 
Ltd 
Research 
Support 
CitySmart provided event space and support at 
various CSHS and associated events.  
GV Community 
Energy 
Funding and 
research 
support 
Provided funding for an extensive report into the 
feasibility of monitoring solar power in 
rural/remote communities. 
2 Save Energy 
Ltd. t/a OWL 
Funding, 
research 
support, 
physical 
assets 
Provided funding for a research intern, various 
OWL energy monitors, and advice about the state of 
the energy monitors and their future. 
Research Interns 
from the CDTM 
Research 
support 
Provided top tier masters students completing the 
research component of their degree on a six-month 
exchange program (see also www.cdtm.de). 
CurrentCost Research 
support, 
physical 
assets 
Provided over 30 energy monitors for use in my 
field deployment. Provided extensive support 
troubleshooting of hardware or software issues. 
QUT 
Sustainability 
group 
Research 
support 
Helped in organising the initial site and deployment 
for my first case study 
Digital Enterprise 
Research 
Institute 
Research 
support, 
research site 
Provided the site for my second paper case study 
and assistance in deploying, gathering and analysing 
data. 
GreenLancaster Research 
support, 
research site 
Provided the site for the second EnergyWiz 
deployment. Facilitated recruitment and access to 
data.  
Apple University 
Consortium 
Physical 
assets 
Provided five iPad kits to enable the deployment of 
the Dashboard to subject matter experts. 
Table 7: Collaboration Summary 
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4.4 Ethical Clearance 
As with any research, ethical conduct throughout is of the upmost importance. It 
is viewed that, from the outset, ethical conduct remains one of the prime 
considerations when researching.  
 
“A significant proportion of research which involves the participation of humans, 
or impacts upon humans, can be approved under Level one”. Level one clearance 
does not require full ethical review by the University. As stated by QUT, Level 
one ethical clearance is required for those researchers seeking to undertake: 
 Human research with no significant risks or ethical issues (before the 
implementation of any risk management strategies associated with the 
research design); and 
 Anonymous questionnaires, surveys or interviews involving non-sensitive 
matters. 
 
As part of my research, I have conducted anonymous recorded interviews and 
installed electricity monitors in houses. It is deemed necessary to submit the 
desired research methods falling under the ethical guidelines previously stated, to 
The Queensland University of Technology Human Research Ethics Committee. 
This submission requires the review and sign off (in addition to the chief 
investigator) by the research supervisor (Assoc. Prof. Marcus Foth) and associate 
supervisor (Prof. Paul Roe). These signatures were obtained and the forms were 
submitted for review along with all documents pertaining to, and used for, the 
research methods under ethical review. 
 
My research has been granted ethical clearance by the UHREC with the reference 
number: RM 2009000003. 
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To date two amendments have been made to allow for a broader scope of 
participants drawn from numerous green events in the greater Brisbane area.  
 
In addition to this approval, progress reports have been submitted covering the 
following matters: 
 the status of the research; 
 changes to a project/ethical clearance; 
 reporting on the consent obtained for the research; 
 reporting on the effectiveness of risk minimisation/management strategies; 
and, 
 whether the identified benefits have / will be achieved. 
4.5 Study P1 - Paper: Synergy 
Major activities Timeline Date 
Stakeholder interviews June 2009 
Collocation and observations July – August 2009 
15 exploratory interviews August – October 2009 
Expert user evaluations of software January 2010 
Table 8: QUT Synergy Building Paper Case Study Data Pool 
Table 8 gives an overview of the data sources for the two paper studies. The QUT 
paper study came about via a connection with QUT facilities management 
personnel and the QUT sustainability group. Their vision was to reduce the 
resource consumption footprint at QUT. Paper was chosen as the resource to 
address, as energy and water reductions across QUT over the prior two years were 
better than expected.  
 
The DERI replication study was a collaboration that came about as a result of my 
publishing “Curbing paper wastage using flavoured feedback” at OZCHI 2010. 
DERI offered a suitable site for a replication study, assistance with the data 
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gathering, and quantitative analysis. The results were later published in “Curbing 
resource consumption using team-based feedback: paper printing in a longitudinal 
case study”, at Persuasive 2013.  
 
Maxwell (2005, p. 79) points out that there is no “cookbook” for doing qualitative 
research, as both the context and the issues being studied impact upon 
components of the research design. For this research case that meant that a lot of 
the early research work conducted was exploratory, attempting to map the 
problem space and gain a deeper understanding of prior research into office paper 
consumption. This triangulation, using numerous sources of data from different 
evidence categories, helped a great deal with theory development for the case and 
the larger implications for my PhD. The core objectives from a project 
management perspective were clear; establish a solution addressing paper 
consumption within a professional work environment using existing resources. 
From a research perspective, there was a strong desire to develop a set of personas 
(and determine what role they played, if any,) and also to develop a functional 
prototype based on contemporary research in the field, taking into account the 
case specific affordances and limitations.  
 
From a research perspective, it was important to source multiple sources of 
evidence (construct validity) and continually involve the users early in the project 
(Gould, Boies, and Ukelson, 1997; Yin, 1994). To help explain the research theory 
and methods guiding my conduct, the research project has been broken into four 
logical stages: stakeholder buy-in and evidence gathering, in-situ deployment and 
relationship building, prototype development and review, interviews, iteration 
and project close. The replication study is summarised thereafter. 
4.5.1 Stakeholder Buy-in and Evidence Gathering 
Securing a suitable location to conduct this research was an integral part of the 
success of this research case. After much negotiation, access and ethical clearance 
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were granted to conduct research on levels two and three of the Synergy building 
(see Figure 13), occupied by QUT professional staff, comprised primarily of middle 
management, information technology support staff, human resources, and finance. 
 
Figure 13: Synergy Building. Levels Two and Three Indicated via Arrows 
In tandem with the negotiations for the research space, with the direction from 
Gould, Boies, and Ukelson (1997), stakeholder meetings were held with a growing 
number of staff from levels two and three, focusing on early – and continual – 
involvement of users. During these meetings, key informants were identified and 
for construct validity, involved in reviewing the case study plan (Yin, 1994). 
Similarly, data collection began in earnest as the stakeholders were located within 
the study environment and brought rich contextual accounts of their experiences, 
from both a personal and systems point of view. The meetings contributed to a 
fulsome debate of many of the issues faced by the staff day to day, along with a 
thorough explanation of the systems and technical architectural view of the 
problem space. The design proposal and accompanying prototypes evolved rapidly 
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during this time, in line with advice on technical and policy limitations within the 
Synergy building and QUT as a business entity. 
 
In line with the case study method by the conclusion of this phase the key 
informants had been identified, along with a case study protocol and the physical 
and software based sources of evidence. The next steps were for me to conduct 
direct and non-participatory observations in-situ, conduct time-series analysis, 
establish a chain of evidence and work with key technical staff to develop the 
software specification required to develop the first functional prototype.  
4.5.2 In-situ Deployment and Relationship Building 
One of the key recommendations from Yin (1994), and Gould, Boies, and Ukelson 
(1997), are to take the time to observe, talk and generally interact with research 
subjects, particularly in-situ. To this end, I was collocated in an office cubical 
gathering observations weekly on a Thursday for a period of two months. These 
observations were integral in conducting time-series analysis and explanation 
building, and would later be published in an OZCHI article “Curbing paper 
wastage using flavoured feedback”. Two major observations supported by the 
literature emerged due to the central and communal nature of the printers, along 
with their proximity to meal spaces, would not have been validated without in-
situ non-participatory observations. These and other themes are discussed in detail 
during in the following chapter.  
 
Thanks to the assistance of, and hearty debate with, two key technical 
stakeholders, access was granted to the systems required to begin work on a 
software prototype. The function of the different systems and overall architecture 
was communicated over a series of visits and a software specification was 
developed. One of the key principles of the ISO 9241-210 (2010) document is a 
design team comprised of different skills and perspectives. The input of experts as 
a method for improving my designs during this phase cannot be overstated. 
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Numerous hard truths were communicated causing careful reconsideration of the 
legitimate methods for communicating with a staff body, and ruling out various 
avenues of integration with workflows (for example, a desktop application with 
notifications). During this time, a number of organised events with staff were 
attended, to talk with staff about their experiences and the research, and as much 
as possible I tried to immerse myself in doing the tasks staff were expected to 
complete using the same systems. These user-centred considerations engendered a 
willingness to support the research with a number of staff volunteering to 
participate in interviews at a later stage of the research.  
 
At the conclusion of this evidence gathering period I provided my software 
specification to stakeholders and was advised that the project could proceed. My 
research method dictated that I next develop a working prototype for testing with 
users, and expand the sources of qualitative evidence. 
4.5.3 Prototype Development and Review 
I recruited a programmer who developed an initial software prototype based on 
my software specification. The software made use of real data, preparing 
customised emails providing feedback on individual paper consumption over 
specified time periods. Mankoff (2003) cites the use of a small group of experts as 
an essential part of the design process, helping to quickly identify a large number 
of usability and function errors in a prototype in a short period of time. With this 
strategy in mind, after some internal testing with technical and human-computer 
interaction experts, the stakeholder group was shown the first prototype. It was 
well received, but there was a wealth of feedback provided for iteration. Given the 
phase of my research, method dictated that I seek engagement with a wider 
audience and expansion of the sources of evidence to ensure construct validity. 
Approval was subsequently given for my request to conduct 15-recorded 
interviews with a representative cross-section of staff.  
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4.5.4 Interviews, Iteration and Project Close 
I prepared the interview question base based on an understanding of what was 
sought by the research questions posed for my research, and after this was 
approved by my supervisors, I recruited participants with the help of the staff 
team leads for the departments represented on the two Synergy levels. Participants 
were then contacted, and interviewed at their convenience if they agreed to 
participate.  
 
From this feedback I had a final prototype of the software created for distribution 
to expert users on the stakeholder panel. They provided a critique of the prototype 
based on their reception of emails over a three-week period using the differing 
types of feedback available. At this point I published my findings at OZCHI 2010 
and for reasons discussed in Chapter 5 closed off my QUT engagement. 
4.6 Study P2 – Paper: DERI 
To provide clarity to the following discussion, Table 9 below depicts the major 
case study activities undertaken.  
Major Activities Timeline Date 
Teams with different job roles selected September 2010 
29 weeks of baseline data gathered (prior to 
intervention or contact) 
October 2010 – May 
2011 
27 weeks of data with intervention software May – November 2011 
Quantitative analysis and close April 2012 
Table 9: DERI Case Study Data Pool 
A replication study can be used to help prove or disprove assertions and findings 
in a case study. A replication study can help to build external validity (Yin, 1994) 
and is desirable for testing the logic of the initial case. Myself, Dr Ed Curry and 
Souleiman Hasan, took up the findings of this case, and the subsequent publication 
pointing to avenues of future research. One of the avenues suggested in my 
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publication was changing the unit of analysis from individual to team replication 
study.  
 
Dr Curry from the Digital Enterprise Research Institute in Ireland had read my 
article and contacted me in regards to replicating my experiment in 2010. 
Souleiman Hasan was the researcher to directly work on the study in Ireland. We 
agreed to collaborate and prepare a document outlining our agreement and plan 
for the replication study. Souleiman and I met regularly via Skype, talking through 
the method, timeline, and the software with documentation.  
 
Thereafter, Souleiman was able to modify sections of the software to suit his 
specific environment, and also to modify templates to make them more suitable 
for comparative feedback provided to teams. Souleiman and I were in contact 
throughout the next months while the experiment progressed. To aid the 
following explanation please refer to Figure 14
 
Figure 14: DERI Replication Study 
The research was quantitative in nature, with the study running for a year with 
baseline data being gathered for just over half of the year. Team leaders for 
participant teams were contacted once by Dr Curry when the intervention began, 
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explaining the purpose. At the conclusion of the intervention period, Souleiman 
provided me with the data he had collected. I wrote up my initial findings based 
on the trends and statistics in the extensive data. Souleiman later conducted the 
required quantitative analysis on the data and we published our findings in 
Persuasive 2013.  
4.7 Study E1: EnergyWiz and E2: Dashboard  
EnergyWiz was developed as part of my supervision and collaboration with 
Petromil Petkov. The results of the EnergyWiz case were published at CHI and 
informed the development of The Dashboard, a collaboration with Daniel Filonik. 
In both these instances my collaborators were called upon for their strong 
programming skillset. I conducted the later phases of the research including 
deployment. 
 
EnergyWiz was my first foray into the development, testing and deployment of an 
energy monitoring application on an Android device. The results from the paper 
case study described above were taken into account when developing EnergyWiz. 
A similar case study protocol and method was followed, as it was with The 
Dashboard. The main differentiators were that the units of analysis changed from 
paper to energy, and the environment changed from a professional work 
environment to a domestic environment with families. The individual continued 
to be a unit of analysis.  
 
During early 2010, I realised that work needed to begin on the first piece of 
persuasive technology that would feature as part of my PhD. As part of this work I 
conducted: 
4.7.1 EnergyWiz 
To provide clarity to the following discussion, Table 10 below depicts the major 
case study activities undertaken.  
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Major Activities Timeline Date 
Expert user review June 2010 
Directed email feedback  August 2010 
First deployment post-study interviews & usage 
statistics 
August 2010 
Second deployment post-study interviews & usage 
statistics 
November 2011 – 
February 2012 
Table 10: EnergyWiz Case Study Data Pool 
EnergyWiz began with an extensive review of the literature, seeking guidance on 
a range of issues, from environmental psychology, to similar deployments of 
research prototypes in the field, to group dynamics. In the lead up to the 
development of EnergyWiz, several influential authors had published the results 
of their own deployments of efforts in the same research space (e.g. Hinterbichler 
2008, Pierce 2008, Strengers 2008, Froehlich et. al. 2009). Results were mixed but 
the direction for future avenues of research derived from these works was a need 
to build sustained engagement with the prototypes using innovative psychological 
methods and social ties. Theory development also drew upon the expertise of 
peers and my own experience with the paper case study.  
 
One of the first efforts to engage with real people came at the 2010 Green Heart 
faire held in Brisbane. During my time at the faire I approached individuals and 
asked them a range of questions about their prior experience with energy monitors 
and if they would be interested in a future trial. I collected demographic data at 
this point along with a number of questions about their domestic habits and level 
of expertise with alternative energy generation. In tandem with this effort, I 
conducted 11 phone interviews with CSHS participants provided by LGIS. These 
interviews targeted individuals who had found interesting or novel use of the 
existing monitors or had sustained the use of the devices for more than six months. 
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These sources of evidence, coupled with the literature review, provided multiple 
sources of evidence to begin triangulation.  
 
At this point, the research lacked evidence from physical artifacts and industry 
documentation. In order to facilitate the development of the software prototype, I 
approached 2 Save Energy to collaborate on the research as part of a QUT Strategic 
Links with Industry grant. This collaboration provided us with both physical 
devices along with access to industry documentation and experienced engineers 
from 2 Save Energy. The grant also funded the research required to create and 
prepare the software used for my PhD. Petromil Petkov was recruited for six 
months and during this period, I provided co-supervision and oversaw all aspects 
of the research.  
 
As part of the prototype refinement process a short user study was conducted in 
Germany using simulated data in a lab environment; the results were then 
published and yielded a large amount of feedback from the research community.  
 
During this time, I organised a collaboration with Lancaster University as a 
research site to test EnergyWiz more extensively in a real-world setting (see 
Figure 15). Lancaster University was an ideal location for testing the application as 
they already had the rather specialized infrastructure required to test the existing 
version of EnergyWiz. At this point, I prepared material to recruit participants, 
and a local Lancaster University staff member worked as intermediary to advertise 
the study.  
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Figure 15: EnergyWiz Lancaster University Deployment 
I received 15 responses, of those, 12 were chosen to participant in the experiment. 
At this point I provided instructions to participants for installing the EnergyWiz 
application on their phones and conducted a six-week trial. During this time, I 
contacted participants twice with two questions, asking for feedback on different 
aspects of their interactions with EnergyWiz. At the conclusion of the experiment, 
three interviews were conducted via Skype, using a question base I prepared and 
participants were issued with an Amazon.com voucher to thank them for their 
support.  
 
After writing up my findings, I sent the data to Petromil with my 
recommendations for updates to EnergyWiz. Unfortunately, the experiment was 
not a great success due to a number of technical issues throughout the six-week 
trial period, preventing use, and there was not enough data to publish.  
4.7.2 The Dashboard 
To provide clarity to the following discussion, Table 11 below depicts the major 
case study activities undertaken.  
Major Activities Timeline Date 
Expert user review April 2011 
First deployment post-study interviews July – August 2011 
Undirected email feedback  July – August 2011 
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Second deployment pre-study & post-study interviews April – May 2012 
Second deployment social media questionnaire May 2012 
Table 11: The Dashboard Case Study Data Pool 
The Dashboard built upon the findings of the prior case studies into paper and 
energy. The findings of our research and that of others pointed to the need for 
multiple or configurable interfaces, that overtime could be co-opted for a growing 
level of experience with resource consumption or diverging interests. 
 
During this time, while providing direction and requirements for the prototype a 
collaborator Dr. Markus Rittenbruch provided his expertise in in the design of 
interactions for multi-touch displays. Daniel Filonik was engaged through a 
similar process to Petromil and programmed a functional prototype which was 
tested internally during focus groups, before deployment into the homes of five 
subject matter experts (see Figure 16) from a range of relevant backgrounds, 
including environmental psychology, HCI, software development, and civic 
engagement, in line with the method employed by Mankoff (2003). Pre- and post-
study interviews were conducted with the participants along with two 
questionnaires - the first for demographic data, the second for social media 
preferences. The method performed well and the list of recommendations was 
extensive, particularly with respect to usability and available feature set.  
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Figure 16: The Dashboard Brisbane Deployments 
The participants were encouraged to make use of the Dashboard and asked for any 
feedback they might have via email. The trial ran successfully for three weeks 
with Daniel providing me with usage statistics throughout the study.  
 
Implementing a number of the suggestions provided by the expert user review, a 
second larger study was conducted, with a cross-section of participants drawn 
from the larger pool of Brisbane households taking part in my Brisbane energy 
study. The same method was employed with variations made to the questions 
asked as part of a protocol improvement effort (for example, eliminating or 
modifying questions that did not yield useful data).  
 
The findings were overall positive but imitated in some aspects, due to the 
functionality of the prototype, but revealed a number of important insights later 
published at Persuasive 2013.  
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4.8 Study E3 – Joint Energy User Study 
To facilitate this discussion Table 12 is included as it depicts the overall data pool 
that aided these two studies. 
Major Activities Timeline Date 
Green hear fair - 12 surveys on energy attitudes  November 2009 
11 CSHS phone interviews (testimonials) June – July 2010 
7 six-month expert/novice reviews June – October 2010 
154 CurrentCost eligibility Surveys October – December 
2010 
32 homes with CurrentCost monitors November 2010 – 
February 2011 
32 demographic data surveys November 2010 – 
February 2011 
32 installation interviews November 2010 – 
February 2011 
22 bit.ly usage trackers provided November 2010 – 
February 2011 
32 Month one interviews January – March 2012 
15 energy use inventories gathered March – April 2012 
32 Month three interviews February – May 2012 
Monitor positioning photos March – May 2012 
Table 12: Joint Energy User Study Data Pool 
Throughout this research, I have struggled to discover bespoke solutions to both 
monitoring home energy consumption and also autonomously transmit that data 
to a suitably open or accessible intermediary. My persuasive technologies require 
access to the real-time data recorded by the monitors, but cannot source it from 
the devices themselves.  
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To help me decide on which monitor to choose for my final study, I prepared a 
report detailing the possible and available energy monitors. Of those that most 
closely matched my criteria, the CurrentCost, the full details of the decision 
making process are outlined in Appendix A. Needless to say, extensive testing with 
colleagues using different devices over 18 months helped a great deal and directly 
aided two manufacturers to improve their products.  
 
 
Figure 17: Brisbane Energy Study 
As Figure 17 shows, 32 households participated in the final energy study, each 
using a CurrentCost Envi-R and Ethernet bridge. These were drawn from 154 
respondents to a short eligibility questionnaire that was deployed via Facebook.  
 
Participants were divided into three streams, those who would function as control, 
those who would trial alternative interfaces, and those that would trial prototypes 
developed as part of this research. Participants were also divided based on whether 
they had participated in the CSHS to date, or had solar panels, as they represented 
important demographics within the study.  
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Using a method similar to the previous studies, pre and post-study interviews were 
conducted, along with a mid-term interview with demographic data being 
collected in the first visit and an energy monitor being installed to transmit data.  
 
After the monitor was installed, a tracking link was supplied for when they 
accessed the CurrentCost energy monitoring website. For those who had the 
CSHS, data from the existing energy monitor was gathered prior to installing the 
CurrentCost monitor package where possible. During the mid-term interview, 
photos were taken of the energy monitor in-situ to determine the visibility of the 
device and proximity to shared spaces. After this interview, if the participant was 
selected for trailing one of the persuasive technologies, these were provided.  
 
In the third and final phase of the study, participants were either given their 
energy monitor to keep, or the device was reclaimed as was appropriate. 
 
Throughout the study, participants were advised to contact me with any feedback 
at any time via phone messages or email. The findings of this case study are 
reported not only as part of Chapter 7 but also feature prominently in the themes 
and future directions identified in Chapter 8.  
4.9 Research Rationale and Theory 
As previously discussed, case study methodology was used as a research approach 
throughout my study; as such the following guidelines assist in the application of 
methods (Yin, 1994, p. 20): 
1. A study’s research questions; 
2. Its propositions (if any); 
3. Its unit(s) of analysis, and; 
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4. The logic linking the data to the propositions and the criteria for interpreting 
the findings. 
 
1. Study questions: the questions that the case study seeks to answer.  
 RQ1: Over longer time periods do persuasive methods promote 
environmentally conscious behaviour? 
 
 RQ2: What are persuasive designs that will effectively promote 
behavioural change towards lifestyles with reduced resource consumption? 
How can these designs be tailored to the needs and preferences of different 
people? 
 
2. Study propositions: propositions or themes seek to focus the research around 
areas of relevant evidence, directing attention to particular aspects denoted as 
important. These themes were discussed in detail in chapters 2 and 3: 
 One interface to communicate resource consumption does not necessarily 
prove appropriate for providing feedback in a way that addresses the 
diversity of the broad population. 
 Persuasive methods should be applied to the technologies aiming to impact 
the lifestyles of individuals engaged by them. 
 Feedback has dimensions that aid in retention and function to the target 
audience.  
 Social norms impact upon the behaviour of individuals and may be used to 
avoid common pitfalls. The social connections of an individual also help to 
shape their behaviour.  
 Behaviour change is a process that begins with small incremental changes 
in opinion and moves towards action and maintenance over time.  
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3. The units of analysis; these are related to the different perspectives, roles or 
entities to be examined throughout the case study. The units of analysis defined 
for the research are as follows: 
 Domestic home environment; 
 The household, and; 
 The individuals comprising that household. 
 
 Professional work environment; 
 The teams, and; 
 The individuals comprising those teams. 
 
The justification for these analysis units relate to the different imposed 
requirements of each environment and the function of the artefacts developed (for 
example, resource consumption feedback). The research excludes other situations 
as part of the research limitations and scoping. Whilst it would be ideal to spend 
large amounts of time in-situ, particularly for the domestic energy monitors 
installed in participant households, it is not appropriate given the family dynamics 
that often exist.  
 
4. The logic linking the data to the propositions and the criteria for interpreting 
the findings, however, these guidelines represent the least defined areas of case 
study research (Yin, 1994). Data may be linked in numerous ways including 
pattern matching. The criteria for interpreting the findings, however, rely largely 
on the appropriate explanation the method applied.  
 
As a case study testing the critical case, this case study is based on established 
theory. As such, the criteria for interpreting the findings are based upon insights 
drawn from the existing literature. In this case, the likely feature set for persuasive 
technology attempting to help individuals or teams reduce their resource 
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consumption over time. As these themes are based on the theories of others, they 
assist in mapping the data of this case study onto rival patterns or propositions. 
 
At a high level, my research sought to establish clearly the logical linking of the 
data to the propositions, through pattern matching and a chain of evidence. The 
design of this case study method itself also sought to provide a clear method for 
interpreting the findings.  
4.10 Research Reliability and Validity 
This section is divided into two parts: 
1. A discussion of the collection and analysis of the data, and; 
2. A discussion of the safeguards utilised to facilitate reliability and validity of 
the results obtained. 
One of the key research weaknesses addressed in this section is how plausible 
alternatives are ruled out in a planned, step-by-step manner, in my own research. 
It also explains why I have made decisions about the structure of the research and 
how I reached these conclusions.  
 
This section similarly addresses how the methods are applied, and used for analysis, 
across the scope of my research, with the specifics for each case study saved for the 
empirical chapters.  
4.10.1 Case Study Data Collection 
The collection of data used a variety of methods both in collection and sourcing. 
The first section of this data collection discussion will outline the sources of 
evidence for a case study, first generally through a summarised tabular format 
from Yin (1994) and how they were subsequently expanded specifically for this 
research. The expansion examines the relevant considerations for sources of 
evidence. 
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The following discussion considers the sample design and sampling methods, as 
well as the data collection methods and fieldwork practice for the case. This, along 
with the technical aspects of the data capturing and editing procedures, clearly 
illustrates the research process. As my research progressed it was important to 
ensure that the moving targets of the individual cases, did not step beyond the 
bounds of the research methods applied. This meant that the analysis conducted 
on P1, while more practised for P2, remained the same. The same held true for 
E1-E3. 
 
The table below summarises the six categories of data which could be used to 
contribute to the findings of a case study (Yin, 1994, p. 80): 
Source of 
Evidence 
Strengths Weaknesses 
Documentation  Stable – can be reviewed 
repeatedly 
 Unobtrusive – not created as a 
result of the case study 
 Exact – contains exact names, 
references, and details of an 
event 
 Broad coverage – long span of 
time, many events, and many 
settings 
 Retrievability – can be low 
 Biased selectivity, if collection is 
incomplete 
 Reporting bias – reflects 
(unknown) bias of author 
 Access – may be deliberately 
blocked 
Archival Records  [Same as above for 
documentation] 
 Precise and quantitative 
 [Same as above for 
documentation] 
 Accessibility due to privacy 
reasons 
Interviews  Targeted – focuses directly on 
case study topic 
 Insightful – provides perceived 
causal inferences 
 Bias due to poorly constructed 
questions 
 Response bias 
 Inaccuracies due to poor recall 
 Reflexivity – interviewee gives 
what interviewer wants to hear 
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Direct 
Observations 
 Reality – covers events in real 
time 
 Contextual – covers context of 
events 
 Time-consuming 
 Selectivity – unless broad 
coverage 
 Reflexivity – event may proceed 
differently because it is being 
observed 
 Cost – hours needed by human 
observers 
Participant 
Observation 
 [Same as above for direct 
observations] 
 Insightful into interpersonal 
behaviour and motives 
 [Same as above for direct 
observations] 
 Bias due to investigator’s 
manipulation of events 
Physical Artefacts  Insightful into cultural features 
 Insightful into technical 
operations 
 Selectivity 
 Availability 
Table 13: The strengths and weaknesses of six sources of evidence (Yin, 1994) 
These six sources are not viewed as an exhaustive examination of all possible 
sources of evidence but rather as broad categories under which numerous sources 
fall.  
 
When collecting data from the different sources of evidence, numerous 
considerations should be adhered to. These are as follows: 
 
Recorded information was viewed as any explicitly recorded information collected 
throughout the research. Gathered information was indexed, critiqued where 
necessary or pertinent, stored securely, referenced offsite and backed up where 
possible.  
 
The following questions address situations which arose through the course of the 
research relating to information gathered, and its importance: 
 What is the source of the information? 
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 Is the source academic? What is the quality of the work? 
 Is all the relevant reference available? Is it recorded? 
 Do others cite the source? If so, how frequently? 
 Was the information suggested by others or discovered by the researcher? 
 Has the article been accurately critiqued? 
 Have any important or questionable issues surrounding the information 
been followed up? Has this follow up been documented? 
 Are the sources of information backed up? How often? 
 Are the sources requiring confidentiality secured?  
 Are all documents able to be publicly viewed? 
 Has the source been accurately referenced?  
 How extensively is the source used? Is this reliance justified?  
 
When new information was recorded it was separated into the following two 
categories: 
 
Interactions were viewed as those circumstances where the researcher is involved 
or effects in some way the situation. Interviews and participant observations fall 
into this category; interviews within the case were anonymously recorded 
utilising a Dictaphone offering a translation to a computer sound file for storage 
within a particular folder for security and easy reference. The stored files could 
not be modified, deleted or accessed without a password. The Dictaphone 
recording was subsequently deleted. From this basis, interview transcripts were 
developed and stored with the audio files on the computer and offsite as a backup. 
 What effects did the researcher notice? How have these been recorded? 
 Is it discernible how the observation may have differed if the researcher was 
not present? Is this testable? 
 How was the observation recorded? Are the participants aware of the 
recording? 
 99 
 What notes should be attached to the interview transcript? 
 Do the interviewee’s require a transcript of their interview? 
 Are the interview summaries anonymous and accurate? Are they impartial? 
Do they represent what was actually said?  
 Have the interviewee’s confirmed the validity of the transcript? 
 
Observations were considered to be the viewed, deduced and over-heard aspects 
of particular non-participatory observations. The conclusions drawn from these 
observations considered the following: 
 How was the observation recorded? 
 Is the record unbiased and accurate to the actual observation? 
 Is the anonymity of the participants in question? How can their anonymity 
be maintained? 
 What were the similarities of the observations to other observations? 
 Do these similarities represent the need for a new classification? Is the 
classification unique? 
 
When considering this type of information within the case studies, a large amount 
of the information was gathered through interviews and participant observations. 
For each case study thematic analysis was used to evaluate interview data, seeking 
to draw firstly the commonalities across interviews, and subsequently develop 
themes. At this point it was common across all cases to repeat particular questions 
during each interview conducted seeking to develop consensus in the answers from 
a participant, or identify diverging views as time with the intervention continued. 
When triangulating literature was explored thoroughly classifying theories that 
offered support, or contradicted the themes identified. As recommended by 
Maxwell (2005, p. 107) with each input from the research process the theory and 
rationale of the research were further refined. This method was also instantiated to 
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identify and mitigate threats to validity, and as Stake (1995) points out, assists the 
researcher in pinpointing determinants through triangulation.  
 
This process of analysis through triangulation is evident when looking at P1 and P2 
together, between cases the structure and insights delivered by P1 inform P2, 
particularly the themes identified by interviews, and appropriateness of feedback 
methods. When looking at how P1 and P2 impact the research agenda as a whole 
we can see that the structure and approach to the research questions helps to analyse 
and establish important precepts for E1-E3 to draw on. By establishing the 
effectiveness of the feedback methods in RQ1 as part of P1 and P2 through 
qualitative and quantitative means, the work to be conducted in E1-E3, can draw 
on sufficiently reliable insights to provide feedback to participants.  
 
The data analysis of P2 is largely quantitative, but draws from the qualitative 
analysis conducted in P1. The relative success or failure of P2 assist in determining 
whether the insights and analysis conducted in P1 was valid and sound. P2 is also 
the first case to put into practise the feedback methods identified for 
implementation as part of the literature review triangulation process. The analysis 
of the data gathered from P2 calls into question the effectiveness of these feedback 
methods, testing them in an environment where continuing researcher interaction 
with participants is removed as a confounding factor.  
 
As E1-E3 all consider energy triangulation is once again highly relevant, as E1 was 
largely based on a literature study to identify all of the relevant metrics for offering 
feedback on domestic energy consumption. When analysing these deployments it 
is important to understand which usability elements were important to the 
participants, but also to what extent they feel as though the deployments were 
effective in decreasing their energy consumption, raising their awareness, or 
modifying their behaviours or attitudes. Analysing these is once again a process of 
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thematic analysis within the data collected, particularly for the extensive interviews 
and questionaries conducted. This process is aided by sectioning questions to 
explore particular topics of interest, and follow up on relevant comments. The more 
frequently a comment comes up in interviews in response to a particular stimulus, 
the more prominently it is positioned as a theme for the research to report upon. 
This is particularly true when a reported finding is not already present in the body 
of literature surrounding the topic.  
Lastly the theoretical framework helps to frame the insights of each case, as they 
provide a lens to view the data through. With this in mind, one of the key elements 
of my research is the transtheoretical model of behaviour change, interpreting data 
through this lens helps to not only understand the commonalities across 
participants, but also the divergence of a particular participant. As participants may 
be at different points in their behaviour change process, understanding where they 
are at the beginning of the intervention is important, as is identifying change 
throughout. The most appropriate methods are exploratory interviews and direct 
observations in-situ. From these sources one is reasonably equipped to conclude as 
to whether the participant is pre-contemplative, contemplative, preparing, taking 
action, or in a maintenance mode. Understanding how this impacts the relevance of 
an intervention that targets contemplative and action oriented participants is then 
much more readily assessable. Similarly participants are assessed on a number of 
different technology and appliance metrics, determining whether they are already 
engaged with their energy consumption (e.g. solar panels, low-watt lighting or 
appliance), or are in a situation that prevents their ready adoption of particular 
behaviour changes (e.g. rental properties, low-socioeconomic status), or are 
generally disengaged or disinterested (e.g. appliance largess, active energy waste).  
 
Determining the change in behaviour or otherwise in a participant is a matter of 
examining whether there have been changes (minor or significant) in their 
consideration of energy in their daily activities, a modification of their use or 
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adoption of particular technologies (also a source for demonstrating persuasion 
(Fogg, 2003)), and a change in their expressed opinion on particular questions 
repeated throughout the research interviews. Engagement with the intervention is 
also an indicator of the relative success or failure of the device.  
 
Interpreting the findings objectively, one may attempt to view the findings 
independently of each other, and without an agenda, but the researcher is always 
present, as are their bias. It is important then to provide a consideration of bias in 
interpretation within each empirical chapter, should the analysis be called into 
question. The assumptions and prepositions of the case are integral to the results.  
4.10.2 Case Study Considerations 
This section examines the requirements relating to the reliability and validity of 
the findings of the research and how these requirements have been addressed. It 
should also be noted that as a researcher I take the view of Maxwell (2005) where 
validity is not about establishing a “gold standard” or turtle upon which elephant’s 
stand (Geertz, 1973), but about testing what we hypothesise against what actually 
occurs. A result proving the research hypothesis wrong through alternative 
explanation or analysis is a useful result nonetheless. Testing for validity also helps 
to address potential researcher bias and discover rival hypotheses, which in turn 
may prove more interesting and less intuitive than the original. All of what 
follows is an effort to rule out such validity threats through the application of a 
defined strategy and mindset when approaching research.  
 
Theory development is one of the integral features of a case study and is the 
development of a theory seeking to simply capture the aims of the research. The 
theory should represent research in a “nutshell”. Additionally, a rival theory may 
be designed to further scope and clarify the initial theory. As the research is 
qualitative it must be noted that the theory development will, and should, 
continue to develop throughout the lifecycle of the research (Maxwell, 2005, p. 
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107). This is due to the fact that unlike quantitative research where the research is 
responsible for heading off a great many validity threats, in qualitative research 
these threats are in many cases not readily apparent due to the context of the 
research, nor do they emerge until the research is underway. The evidence 
collected throughout these case studies (drawn from the six sources identified 
above in Table 13) help to build a case to disprove alternative hypotheses. 
 
Yin (1994) offers practical advice as to the formulation of a theory, stating that a 
review of the literature should be undertaken, along with frequent discussion with 
colleagues and supervisors seeking their feedback, and honing the understanding 
of the theory by the researcher. This is logical advice that Yin (1994) follows up 
with the need for awareness of other categorised theories that may be of relevance 
to the research. It is fair to say, that the initial outlook of my PhD changed 
radically thanks to finding suitable research sites and collaborations repeatedly.  
 
Triangulation is considered in two ways, firstly by Yin (1994) looking at theory 
triangulation, and Stake (1995) examining triangulation as a method for ensuring 
validity of results. Theory triangulation focuses more specifically on the evidence 
supporting the development of a theory (for example, the six categories of 
evidence) leading to the establishment of factual conclusions. Triangulation, as 
explained by Stake (1995), is the overlap of results leading to the pinpointing of 
particular determinants. That is, using other research confirming the current 
research determinants and aspects of them, seeking a more accurate depiction of 
the actual determinant until the determinant is sufficiently confirmed. Given that 
the research undertaken in my PhD innovates in a relevantly young research field 
within HCI, at times the sources for triangulation - including personal 
communications with subject matter experts - are drawn from other fields due to 
their highly contextual relevance.  
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Triangulation is easily positioned in my own work. Throughout the later chapters 
focusing on the case studies conducted, numerous sources of evidence point to one 
or other aspect identified in my own research, but either do not join the different 
aspects together as my own work has, or are concerned with a different research 
discipline or field of study. 
 
In an effort to satisfy the quality of the research design, the criteria summarised in 
the following table have been addressed (Yin, 1994, p. 33): 
Tests Case Study Tactic Phase of Research in Which 
Tactic occurs 
Construct 
Validity 
Use of multiple sources of evidence 
Establish a chain of evidence 
Have key informants review draft case 
study report 
Data collection 
Data collection 
Composition 
Internal 
Validity 
Do pattern-matching 
Do explanation building 
Do time-series analysis 
Data analysis 
Data analysis 
Data analysis 
External 
Validity 
Use replication logic in multiple-case 
studies 
Research design 
Reliability Use case study protocol 
Develop a case study database 
Data collection 
Data collection 
Table 14: Case Study Validity and Reliability (Yin, 1994) 
1. Construct validity 
In an effort to establish the correct operation measures for the concepts being 
studied, construct validity has been catered for in the following ways:  
 Use of all six categories of evidence, extending the categories wherever 
possible; 
 The establishment of a chain of evidence based on the documentation 
available and the research findings. 
2. Internal validity 
Internal validity has been catered for in the following ways: 
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 Pattern-matching was applied seeking to identify accurately the cause and 
effect relationships between particular case study units of analysis. 
Specifically, the development of personas, engagement with different 
interfaces over time, changes to behaviour, predicting disengagement, and 
the learning effect.  
 Explanation building has been applied to the case studies independently, 
with the results of each case feeding into the explanation building across 
case studies. As it is an iterative process requiring continual development, 
the process was revisited a number of times throughout the research. 
 Time-series analysis was considered a useful tool in helping to further 
strengthen the pattern matching. The embedded nature of particular units 
of analysis (for example, individuals within their home, or professionals in 
an office environment) meant that it was critical to gather data using direct 
and non-participatory observations in-situ and to source data from other 
categories wherever possible.  
3. External validity 
External validity has been catered for in the following ways: 
 Review of the existing literature pertaining to other research relating in part 
or wholly to resource monitoring. This may be further deconstructed into 
the different facets of resource monitoring such as individual motivations for 
undertaking particular patterns of behaviour, and engagement methods for 
individuals and teams. These elements are covered in detail throughout 
Chapters 2 and 3. Additionally, wherever possible, independent and 
supervisory advice and guidance was obtained.  
4. Reliability 
 Utilisation of the case study protocol to generate functional documents 
seeking to capture all aspects of the research. This protocol was adapted 
over-time using the growing body of knowledge accrued around the 
research, and for the specific needs of each case.  
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 As discussed previously in Chapters 2 and 3, the existing literature pertaining 
to similar case studies will be gathered and critiqued, seeking to identify 
possible areas for the improvement of the research. 
4.10.3 Validity Issues 
This section is devoted to asking and answering common sense questions that 
threaten the validity of this research. 
 
Did I interview enough individuals for my case studies? Were those interviewed 
appropriate or did they bias the data? As is explained in the following section, I 
intentionally structured the case study so as to sample a cross-section of the 
relevant population, to access a varied perspective on the same issue register. For 
the more longitudinal studies those interviewed were visited a number of times to 
share their opinions and answer my questions. In these cases especially, linked 
with the observed phenomena, theoretical saturation was reached for the majority 
of the issue register (Eisenhardt, 1989; Strauss, 1987). Given the cross-section of 
participants involved, invariably the educated and engaged were given counter-
point by the disengaged or busy. From this basis I was able to collect both positive 
and negative or disengaged accounts from participants throughout each case.  
 
Is it possible for those participating to simply say what they believe I want to 
hear? How is reactivity or reflexivity accounted for (Hammersley & Atkinson, 
1995)? Whenever establishing contact with a participant, I sought to put the 
participant at ease, establishing dialogue firstly around shared interests, and 
subsequently about their experiences relevant to my research. I was able to 
empathise with the majority of participants taking efforts to avoid any body 
language, or vocal modulation changes that might convey approval or disapproval. 
That said, it is not possible to completely isolate instances where such feedback 
may have been inadvertently given, and so in each case, where instances may have 
arisen, it is listed in the limitations as a possible source of error. The participants 
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received no bonuses or benefits from telling me anything besides what they 
thought to be accurate. In cases where accurate information was conveyed, the 
prototypes the participants used were updated so as to provide a form of positive 
reinforcement for their honest reflective thinking. As for reactivity and 
reflexivity, Maxwell (2005) states that neither can be completely ruled out and 
that the importance should be placed upon awareness rather than elimination, and 
that their overall effect is potentially minimal. The supervisory team reviewed all 
questions put to participants, and participants were interviewed at the end of the 
cases, where no repercussions were possible, for frank and honest responses. Social 
ties that developed with particular individuals were a concern, but participants 
were asked to substantiate their opinions with extensive examples and reasoning 
as much as possible. For this, and other questions relating to the validity of the 
information given, I look to research to help provide triangulation for opinions 
volunteered.  
4.11 User-Centred Design 
As the term suggests, user-centred design focuses on developing software with the 
user in mind (Silva da Silva, Martin, Maurer, & Silveira, 2011). This sentiment 
matches the aims of my research well. One of my key considerations was applying 
a methodology where participants provided input into the eventual designs they 
would make use of. Whilst action research and participatory design also fit these 
aims rather well, the ability to provide democratic and fulsome involvement for 
my own research seemed cumbersome given the location and level of involvement 
agreed to by different households. Action research is far closer to my goals and 
developing an action case for some of my case studies is what eventuated, the 
turnaround time in providing different interventions however limited the 
function of this method over traditional case studies.  
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As Bannon (1986) points out, systems developed in isolation using abstract work 
procedures for designing systems can lead to unworkable systems, a sentiment 
echoed by Davis (1989). The argument made is for going beyond the traditional 
task analysis, examining social and organisational dynamics. In the same book, 
Norman and Draper (1986) conduct a frank discussion about the appropriateness 
of plurality in approach, and the function of diverse methods for illuminating 
problems in system design. The authors surmise that researchers should facilitate 
improved design processes through a range of methods, but always start with the 
user.  
 
In the Handbook of Human-Computer Interaction, Helander, Landauer, & Prabhu 
(1997) move to refine the user-centred design conversation, offering an updated 
canvas depicting the range of pertinent theory for HCI. Of particular relevance to 
my research is the chapter by Gould, Boies, and Ukelson (1997), which provides a 
detailed process for designing, producing, and evaluating usable systems. The 
authors begin by outlining four design process principles: 
 Early – and continual – focus on users 
 Empirical measurement 
 Iterative design 
 Integrated design – wherein all aspects of usability evolve together 
 
These four key directives provide a clear set of design guidelines to help the 
research succeed. The authors then go on to provide a list of the methods they 
believe are appropriate for providing a user focus early and in a continual fashion: 
 Talk with users 
 Visit customer locations 
 Observe users working 
 Learn about the work organisation 
 Have users think aloud 
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 Try it yourself 
 Participative design 
 Have expert on design team 
 Use task analysis use surveys and questionnaire 
 Make testable behavioural usability goals 
 
For work conducted on the system being improved, the key requirements 
provided are: 
 Identification of required changes 
 An ability to make the changes 
 A willingness to make changes 
And more concretely:  
 Collect the required improvements during user testing 
 Organise the development work in a way that the improvements can be 
made 
 Have software tools that allow you to make the needed improvements. 
 
The advice of Gould et al. (1997) provides high level guidance for my own 
research, and is to some extent distilled in the ISO 9241-210 (2010) document, 
outlining the six key principles to ensure a design is user centred: 
1. The design is based upon an explicit understanding of users, tasks and 
environments. 
2. Users are involved throughout design and development. 
3. The design is driven and refined by user-centred evaluation. 
4. The process is iterative. 
5. The design addresses the whole user experience. 
6. The design team includes multidisciplinary skills and perspectives. 
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Where this discussion falls short is the direct consideration and linking of the 
evaluation of usable systems with the methods for their design. Linking the work 
by Bannon (1986) with more recent design thinking texts (Brown, 2008), it is 
possible to provide more concrete guidance and a structured set of steps for 
realising and testing a design. Design thinking also takes into account the 
messiness of the design process and the eventual streamlining of ideas as different 
propositions are supported or otherwise dismissed.  
4.12 Methods Summary 
Case study methodology provides an excellent set of tools for selecting research 
sites along with a core set of methods and research practices for gathering data. 
User-centred design compliments case study methodology by providing more 
detailed guidance for the design, development, deployment and evaluation of the 
resulting artefacts. Together, case study methodology and user-centred design help 
to make sense of the iterative software development process within a real-world 
research setting. The strength of the continued user involvement means that data 
collection points are common and richly populated.  
  
 111 
5 Study P – Paper and Print Reduction Strategies through 
Persuasive Technology 
Preamble 
This chapter describes the detailed preparation, conduct, and results of two linked 
longitudinal case studies answering RQ1: Over longer time periods do persuasive 
methods promote environmentally conscious behaviour?  
 
The studies labelled P1 and P2 take place over six months and one year respectively. 
Both studies address targeted reduction of paper consumption in office environments. 
The persuasive design developed in P1 was redeployed in P2. P1 was exploratory and 
qualitative considering the individual as the unit of analysis. P2 was more focused, 
gathering quantitative results and based on the findings of P1, used teams as the unit of 
analysis.  
 
The findings of P2 support the conclusions of P1, but not exclusively. P2 also proves 
that the persuasive design developed in P1 is effective in reducing paper consumption 
in office environments over longer time periods, independent of researcher 
involvement.  
 
Relevant publications 
Medland, R. (2010). Curbing paper wastage using flavoured feedback. In Proceedings of the 
22nd Conference of the Computer-Human Interaction Special Interest Group of Australia on 
Computer-Human Interaction (OZCHI), Brisbane, Australia.  
 
Hasan, S., Medland, R., Foth, M., & Curry, E. (2013). Curbing Resource Consumption Using 
Team-Based Feedback. In Proceedings of the 8th International Conference on Persuasive 
Technology, Sydney, Australia. 
 
In November 2009, following a review of literature, I undertook a project 
opportunity presented by QUT Facilities Management. The aim was to reduce the 
amount of paper used by QUT staff in their daily workplace activities. The key 
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goal was to communicate to staff that excessive printing has a tangible and 
negative environmental effect (J Callaghan, QUT Sustainability Coordinator, July 
2009, pers. comm.).  
 
The broad research objective for these two case studies (P1 and P2) was to better 
understand what motivates staff towards more ecologically sustainable printing 
practices, whilst meeting the demands of their job. My conceptual framework 
meant that the study drew on previous research in the field (Froehlich et al., 2010; 
He et al., 2009) that found one interface for all does not address the needs of all 
users, and aimed to inform further research involving the creation of persuasive 
designs targeting resource consumption.  
 
Answering RQ1 was the focus for this study, establishing a truth within my 
research as to the validity of design interventions as a targeted method for 
reducing resource consumption. The impetus for this question comes from the 
often criticised implementations of studies assessing effectiveness of similar 
interventions. Criticism for these interventions – beyond frequent reports of 
limited success – entail the short deployment periods (usually weeks, rather than 
months) and, limited generalizability and reliability of the conclusions due to 
weak assessment criteria (Darby, 2006, 2010; Pierce et al., 2010; Pierce et al., 
2008).  
 
Another source of criticism raised by authors such as Darby (2010) and Pierce et 
al. (2010), is whether it is possible for these interventions to prove effective at all. 
The contention by Pierce et al. (2010) is that the criterion used to assess the 
success of such interventions – the effectiveness – is flawed. RQ1 was structured 
specifically to address and find an answer within my own research to this 
contention as elaborated by Table 15. 
Criticism RQ1 challenge in P1 & P2 
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Short deployment periods 
(Fitzpatrick & Smith, 2009; Pierce et 
al., 2010) 
The case studies were longitudinal: 
 P1 – six months 
 P2 – one year 
Generalizability 
(Froehlich et al., 2010; Tomitsch et 
al., 2007) 
Conducted in similar environments within different cultures: 
 P1 – QUT, Australia 
 P2 – DERI, Ireland 
Reliability of conclusions 
(Darby, 2010; Dourish, 2010; Pierce 
et al., 2008) 
Applied methods drawn directly from relevant literature: 
 Normative messages (Cialdini, 2003; W. Schultz et al., 
2007; Steg & Vlek, 2009) 
 Comparative feedback (Abrahamse et al., 2005; Becker, 
1978) 
 Eco-feedback (Burgess & Nye, 2008; Froehlich et al., 
2010; He et al., 2009) 
Effectiveness of 
interventions 
(Darby, 2006; Petersen et al., 2007; 
Strengers, 2008) 
The persuasive design operated successfully for one year in P2 
without continued encouragement by the local researchers. The 
assessment was quantitative, and designed to be able to draw 
conclusions using baseline data comparing teams involved with 
the experiment to the rest of the office.  
Table 15: P1 and P2 addressing field criticism 
P1 and P2 were conducted in office environments with multiple business units 
with differing performance metrics and workflows. As part of P1, Matthew 
Nelson-White was employed to code software using a set of specifications I 
developed as part of the research process (explained below). After significant 
revisions, based upon feedback from stakeholders, I trialled this software with the 
help of staff representing the different business units present.  
 
The software communicates individual paper consumption in precise metrics, 
providing regular (set to daily in P1, weekly in P2) targeted feedback that 
describes individual paper consumption. Based on preliminary research data, and 
the understanding that one interface does not suit all audiences (He et al., 2009), 
different metric sets were defined and included in the feedback reports in order to 
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address the different reported motivations of particpants using descriptive and 
injunctive normative information (Cialdini, 2003). 
 
Myself, Souleiman Hasan, and Dr Ed Curry 2010-2011 at DERI in Ireland 
conducted P2. Based upon the findings relating to teams in P1 (see Medland, 
2010), the unit of analysis was changed from individuals to teams for P2. We 
collected data over a 58-week period (27 weeks baseline) for four teams with 
between four and six members. Weekly emails were sent to team members 
reporting the team paper use. 
 
Chapter Section Description 
Pg. 114 A discussion of the methods specific to 
this study and the reasoning behind 
the structure and analysis conducted.  
Methodology 
Pg. 117 A detailed discussion of the different 
elements of the qualitative research 
conducted at QUT in 2009-2010 
P1 - Data Collection Discussion 
Pg. 127 A short summary of the reasoning for 
termination of the QUT case study.  P1 - Ethical Considerations 
Pg. 132 A discussion of the structure of the 
quantitative research elements 
undertaken and their relevance.  
P2 – Data Collection Discussion 
Pg. 128 A discussion of the four major themes 
that emerged from the qualitative 
methods analysis. 
P1 - Results 
Pg. 135 A discussion of the major findings of 
the quantitative analysis applied to the 
longitudinal data gathered.  
P2 – Results 
Pg. 142 
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Discussion A convergence of findings of P1 and 
P2. Drawing together the two separate 
studies and their insights into resource 
consumption. 
Pg. 144 A frank discussion of the sources of 
potential bias within the study and the 
shortcomings of the research methods 
applied given the scope of enquiry.  
Limitations 
Table 16 below summarises the main sections of this chapter for quick navigation. 
Chapter Section Description 
Pg. 114 A discussion of the methods specific to 
this study and the reasoning behind 
the structure and analysis conducted.  
Methodology 
Pg. 117 A detailed discussion of the different 
elements of the qualitative research 
conducted at QUT in 2009-2010 
P1 - Data Collection Discussion 
Pg. 127 A short summary of the reasoning for 
termination of the QUT case study.  P1 - Ethical Considerations 
Pg. 132 A discussion of the structure of the 
quantitative research elements 
undertaken and their relevance.  
P2 – Data Collection Discussion 
Pg. 128 A discussion of the four major themes 
that emerged from the qualitative 
methods analysis. 
P1 - Results 
Pg. 135 A discussion of the major findings of 
the quantitative analysis applied to the 
longitudinal data gathered.  
P2 – Results 
Pg. 142 A convergence of findings of P1 and 
P2. Drawing together the two separate Discussion 
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studies and their insights into resource 
consumption. 
Pg. 144 A frank discussion of the sources of 
potential bias within the study and the 
shortcomings of the research methods 
applied given the scope of enquiry.  
Limitations 
Table 16: P1 & P2 Chapter Layout 
5.1 Methodology  
P1 represents a qualitative longitudinal case study that yielded rich, first-hand 
accounts from interviewees, extensive in-situ observations, and an appreciation of 
the pervasive milieu generated by an open-plan office environment. P1 also 
allowed me to iteratively develop a user centred prototype that could be readily 
adapted to other environments for testing. What P1 did not accomplish was an 
extensive and statistically validated set of results pertaining to the function of the 
developed persuasive design. This limitation of P1 was resolved by conducting 
study P2. 
 
In P1, I followed an well-established process in HCI research, comprising 
conducting a qualitative evaluation with quasi-statistics (Maxwell, 2005) of the 
prototype either in a laboratory setting (Petkov et al., 2011), or in the field 
(Fitzpatrick & Smith, 2009). Thus my 2010 evaluation, while functional as a 
method for reaching an outlet for publication (Medland, 2010), was susceptible to 
the same criticism later aimed at these types of studies (e.g. Froehlich et al., 2010; 
Strengers, 2011).  
 
Consequentially, I then chose to apply a mixed methods approach, which – given 
the trend in critical reviews of the field – was both pragmatic and practical. The 
quantitative analysis of P2 yielded conclusive results augmenting the results of P1 
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(Hasan, Medland, Foth, & Curry, 2013) and provided an answer to RQ1 grounded 
in a rigorous analysis of empirical data, which was not susceptible to the same 
types of criticism levelled at other purely qualitative studies with similar intent. 
 
The strength of calling on quantitative methods to help validate qualitative 
conclusions represents a novel innovation to the traditional methods for 
conducting multiple case studies examining the critical case, which may augment 
results, but are susceptible to similar criticisms. Howard (2002) stated that 
qualitative methods are best for generating theory and quantitative methods are 
best for testing theory. The argument here is that there is real value in the 
rigorous testing of a prototype, through developing it in one environment rich 
with qualitative insight, and immediately thereafter deploying it in another 
environment for quantitative evaluation (NB: this approach assumes quantitative 
research criteria that establish success). This line of argument can be summarised 
as follows (and is considered in further detail in section 5.5): 
 
1. The prototype is assessed against criteria (i.e. number of pages printed 
relative to the office, and decrease in overall printing over time compared 
with the rest of the office) where statistical analysis will either disprove or 
confirm a simple premise (i.e. does it reduce paper consumption by 
participants) without the uncertainty that is often the domain of qualitative 
interpretation. 
2. The prototype is tested in an environment that is foreign but one which 
should, given the unit of analysis (e.g. office environments), be what it is 
designed for.  
 
Results of the quantitative analysis are therefore twofold: they determine whether 
a persuasive design works, and immediately whether the conclusions are 
 118 
generalizable to other similar environments. This process also legitimises, or draws 
into question, the conclusions of the qualitative study.  
 
To succeed, P1 needed to identify and implement the core requirements for the 
persuasive design and at the same time, accrue rich accounts from a range of 
perspectives to draw thematic conclusions from the interviews and observations 
recorded. Given the setting of P1 and the questions to be explored, a qualitative 
approach to data collection was employed (Denzin & Lincoln, 2003; Maxwell, 
2005). 
5.2 P1 – Data Collection and Analysis 
Data collection for P1 and P2 feature two disparate sets of collection methods. 
Table 17 below elaborates on the methods used in P1.  
Evidence Sources Actual Collection 
Documentation  Initial project specification document and QUT 
Sustainability Group documentation 
 Appropriate email traffic over the duration of the 
project  
Archival Records 
 
 Print spool data 
 Prototyping dataset 
 Printer statistics 
Interviews 
 
 15 conducted 
 Subject matter expert reviews 
 Steering committee and stakeholder engagement 
Direct Observations 
 
 Three categories of observation recorded  
 Photos taken of printers 
Participant 
Observations 
 
 Printing documents from desk and retrieving 
 Talking with others at the printer 
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 Talking with others at the lunch room (close 
proximity to printer) 
Physical Artefacts  Three communal printers used by all staff, 
monitoring pages printed (colour, double sided, black 
and white) 
 Photos collected, relative to floor plan (see Figure 20) 
Collocation 
 
 One day a week for two months 
 Working in-situ and recognised a s research in their 
space working on a project 
 Regular meeting with personnel and stakeholders 
 Involvement with participants via my collocation 
 Recognition and invitation to social events 
Iterative Prototyping 
 
 UCD methods to develop software with frequent 
feedback and revision by stakeholders 
 Feature requests 
 Policy and architecture constraints 
Table 17: P1 – QUT (Australia), Qualitative study & evaluation 
The following sections discuss in greater detail the different parts of the data 
collection listed above.  
5.2.1 Experiment setting 
The chosen location for this study was the Synergy building on Musk Avenue (see 
below Figure 18) in Kelvin Grove, Brisbane. Levels two and three are used by 
QUT professional staff and made available thanks to the support of key 
stakeholders.  
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Figure 18: Synergy building with level two and three highlighted in yellow. 
Level two consisted of finance and human resources, while three consisted of IT 
Services and human resources. Both levels featured open plan floor space with 
communal printing facilitites, lunch rooms and central elevators. Cubicles were 
organised in small clusters relating either to teams or specialisations. Four offices 
for management were present on each level. These offices were fully glass walled 
and positioned in the centre of each level. Meeting rooms had similar layouts 
except they were positioned around the edge of the levels and near the central 
elevators.  
 
The Synergy building is a newly built six-star energy efficient rated building. This 
is the highest star rating within the system and requires significant planning as 
part of the development. For staff this meant that large amounts of natural light 
was used to light the office. Regular lighting was managed centrally by timers and 
sensors. Chilled beam air conditioning was used for cooling and male toilets 
featured waterless urinals.  
5.2.2 Project Management 
The initial project scope was determined with the help of Geoff Woods 
(Engineering Services Manager, QUT Facilities Management) and Julia Callaghan 
(Sustainability Coordinator, QUT Facilities Management). It was decided that we 
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would arrive at our mutual needs by working towards paper-use reduction. The 
original project specification supplied to the QUT sustainability group is attached 
as Appendix B.  
 
The research team met with other key stakeholders including Jim Reeves (General 
Manager, Institute for Sustainable Resources), Alison Davis (Manager, Client 
Systems Infrastructure), Craige Richardson (Manager, QUT Printing Services), and 
Michael Flynn (Green IT, Project Manager) to develop and finalise the project 
plan. In tandem, design specifications for a software prototype targeting the 
printing habits of Synergy staff were developed. Alison Davis expressed support 
for the research, and offered to accommodate my intervention within the Synergy 
building (levels two and three) on Musk Avenue, Kelvin Grove.  
5.2.3 Software Development 
As previously explained, the aim of the study was to develop and deploy a 
persuasive design that engendered, among QUT staff, a feeling that excessive 
printing has tangible and negative effects. While other channels of 
communication, such as instant messengers or desktop applications were 
considered for distributing feedback, they were deemed unsuitable after 
consultation with stakeholders. Email was chosen as the ideal communication 
channel. The reasoning behind this was that no other channel reached all staff, or 
was viewed as a credible source for such feedback. Additionally, desktop software 
installations were unfeasible due to QUT policy. I also aimed to create software 
that could be applied to environments other than QUT and email suited this 
requirement.  
 
To meet this need a software prototype was developed, satisfying three main 
functional requirements:  
 Regularly parse and store exported print log data for the work environment 
in an SQL database autonomously.  
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 Email individual staff, or staff groups using XML templates including real-
time generated graphics with data driven explanations of printing activities 
(as shown in Figure 19).  
 Generate exportable reports and metrics summarising print consumption 
data for dynamic time and personnel ranges.  
 
Figure 19: Email with eco-metrics and comparative statistics 
The software went through four revisions before deployment for expert user 
review. For each design cycle, the software was reviewed by users (particularly 
the steering committee). Users were asked to comment on the features and 
whether they reflected what they sought in such an application, and – given the 
context in which the software was to be deployed – whether they were 
Names hidden for privacy 
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appropriate. Changes were made to the functionality in each revision to match the 
expert and novice feedback from users.  
5.2.4 Participants 
Participants were drawn from the different business units, representing a cross-
section of staff, including upper management, project managers, project officers, 
line staff and administration. Michael Flynn (Green IT, Project Manager) 
organised multiple points of contact providing access to multiple teams working 
within IT services and Finance. 20 members of staff were contacted via email and 
direct telephone calls as part of recruitment efforts. 
 
In total, 15 staff participated in recorded interviews. In addition, key stakeholders 
were interviewed and a steering committee was formed. The steering committee 
met three times providing initial planning recommendations, and later offered 
feedback on the software prototype and its trial. The rationale for these measures 
comes directly from Maxwell (2005) who states “selecting those times, settings, 
and individuals that can provide you with the information that you need in order 
to answer your research questions is the most important consideration in 
qualitative selection decisions” (p. 62). This purposeful selection or sampling of the 
personnel available within the office was chosen due to a need in P1 to garner 
perspectives from all levels of staff. Convenience or probability sampling methods 
could well have led to the exclusion of individuals impinging on the 
representativeness of the sample taken. The range of individuals sampled is more 
important than the average individual as the interface developed sought to cater to 
the range of individual motivations and attitudes. 
 
The last reason that the participants were chosen from a cross-section of staff and 
business units was to illuminate the differences in perspective that might 
accompany their respective job role. Comparing the commonly cited motivations 
 124 
of managers versus their team members and administration staff was of interest to 
the research.  
 
Table 18 below depicts the anonymous list of interviewees, it is provided here to 
demonstrate the range of job roles considered.  
Job Role Count 
Finance Officer 1 
Communications Officer 1 
Data Architect  2 
Data Warehouse Manager 1 
Senior Systems Officer 1 
Management Accountant 1 
Manager, Load Forecasting 1 
Senior Finance Officer 1 
Manager, Client Systems Infrastructure  1 
Project Manager 1 
Communications Administration Officer 1 
Corporate Systems Developer 2 
Senior Business Intelligence Analyst 1 
Table 18: Interviewees: three managers, four senior, four mid-level and five line staff 
Ages ranged from 24 to 56, with 8 males and 6 females interviewed (including one 
manager and two senior staff).  
5.2.5 Collocation 
To assist with the research process, I was collocated in the office on the same day 
each week for a period of two months. During this time, direct and non-
participatory observations were collected, and data was extracted from the four 
communal multi-function printers (including major printing statistics, such as 
pages printed and of what format). My visits also offered the opportunity to 
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present new versions of the software accompanying the intervention to 
stakeholders for critique.  
 
Data collected during my collocation helped to build a picture of the process that 
individuals went through when printing a document, particularly the journey 
involved, and the opportunities for socialising and visiting the meal space.  
 
Observations were placed in three major categories: 
 Those directly relating to printing or printed matter 
 Those relating to the printing space 
 Those relating to the journey to and from the printing space 
Figure 20 below shows the communal printers for level two of the Synergy 
building and their close proximity to the lunchroom.  
 
Figure 20: Synergy Communal Printers and Nearby Lunchroom (2010) 
The flow of traffic to and from the lunchroom passed these printers is due to the 
layout of the building (no floor plan has been released to date). Traffic between 
wings of each floor also funnelled past the communal printers, as it was the most 
direct route. My cubicle – while collocated – was located less than one minute 
Lunch room 
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from the printers. However, at the far edges of the office space, the journey was 
over a minute and inevitably passed the desks of many co-workers. 
5.2.6 Interviews 
Interview questions were tailored to the research site and context. I revised 
questions looking for what would prove most effective in eliciting insightful 
comments from interviewees if they did not receive a proper or useful response. 
The interviews were considered a way of building a story around the interviewees’ 
habits along with their attitudes, rather than an opportunity to ask multiple 
derivatives of RQ1. In line with guidance from Maxwell (2005), the questions 
sought to avoid uniform and limited results, attempting to draw out personal 
experiences and practises from the study participants.  
 
15 recorded semi-structured interviews were conducted in November and 
December 2009. Relevant excerpts were transcribed, seeking to develop an 
inventory of pertinent comments and for further thematic analysis, later published 
in Medland (2010). 
 
The questions explored RQ1, addressing two key areas of concern: printing norms 
and building norms. Printing norms formed the bulk of the initial questioning to 
build a profile of the individual and their habits, along with their printing 
practices, both idealised and practical. Building norms were chosen as they 
represent a useful pathway to understand the perspectives of those working there 
on a topic that was similar to paper use. The justification of this choice relates 
heavily to the fact that staff had just moved in, and were in the process of adapting 
to, and interacting with, a six-star energy rated building (having moved from more 
traditional office space). The building, while spacious and open, also required 
some compromises by staff, and a loss of individual control and increased third-
party control. According to Pierce et al. (2008), this loss of individual control 
might represent a source of tension for participants. As a result this style of natural 
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transitioning from printing to another resource consumption topic where the 
participant would likely have recent experiences was seen as a useful method for 
comparing the responses between topics on similar questions.  
 
Two questions from the larger interview are included below. The full interview 
questionnaire can be found in Appendix C.  
 What do you view as unnecessary printing?  
o If participant answers yes: Can you give me an example where you might have 
printed unnecessarily in the past? 
 Would you like more direct information on your printing and the impact it has? 
o If participant answers yes: What type of information would you like to 
receive? 
 
Prompts were used to encourage participants, to expand on their initial responses, 
or to elaborate on their point of view to a given question (Kvale, 1989). Follow up 
questions were used on almost all main questions to help target further 
information. Such as, “Would you like more direct information on your printing 
and the impact it has?” followed by “What type of information would you like to 
receive?” 
 
The first topic to be addressed was the amount of printing each user did within a 
certain time period. This allowed for an assessment of how well the user was able 
to gauge their print usage. The next aspect to consider was what printing the user 
deemed as legitimate and what they viewed more generally as unnecessary 
printing. This can be seen in questions such as: “What do you view as unnecessary 
printing?” Lastly, the research aimed to discover what data visualisation methods 
were considered relevant for communication of print related statistics and 
examine the workflows deemed legitimate by the user at a detailed level.  
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Building norms related to the staff and their opinions of the building. The aim was 
to discover whether the energy star rating was visible and what staff thought of 
the office building and office culture. Particular attention was paid to the level of 
control that the individual felt they had over their paper consumption.  
5.3 Ethical Considerations 
In early November 2009, tension arose between management and the research 
team. This led to a discontinuation of the later stages of the project within QUT 
and replication at another site. The point of contention was the use of the software 
to generate reports placing usernames next to the top twenty printed page counts 
over a specified time period. These reports were intended for comparative 
feedback and benchmarking. However, they were initially provided to 
stakeholders as a way of expanding understanding of paper use as an 
environmental issue.  A seven-day report showed that two staff printed over 
10,000 pages and numerous others printed over 1,000 pages. Management took 
keen interest following up with these staff.  
 
This presented an ethical dilemma and a risk to my study participants, and at this 
point this functionality was removed from the administration client. The aim of 
my research was never to introduce a method for policing paper consumption. 
Retaining this feature was highlighted by management as a top priority, and 
requested it on multiple occasions after engagement ceased. The argument was 
made that these types of figures provided actionable information for managers to 
take to regular meetings as agenda items. Understandably, this style of top-down 
action presented a valid route for changing established business practises. Given 
the progress of P2, in consultation with Michael Flynn, another more holistic tool2 
was purchased in order to provide similar analytics. 
                                                 
2 The chosen software ‘Greentrac’ was chosen after consultation with vendors.  
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5.4 P1 – Results  
Analysis of the interviews conducted in P1 yielded four themes. Firstly, staff 
viewed different metrics as relevant or alternatively as unnecessary for feedback 
on printing behaviour. Secondly, while information flavours were functional (i.e. 
providing comparative statistics instead of traditional or eco – or vice versa), they 
were not an acceptable method of providing prescriptive or tailored feedback to 
the exclusion of other forms of feedback. Thirdly, any printing conducted by staff 
was viewed as necessary, excepting accidents. Lastly, staff viewed co-workers’ 
championing reduced paper use as a helpful reminder to be conscious of how 
much they were printing. 
5.4.1 Multiple Metrics and Email as Communication Medium 
When considering the development of email templates sent to staff, the interview 
findings supported the need for multiple methods (i.e. eco-metrics, 
financial/traditional statistics, and comparison based statistics) for communicating 
the same information. Where some staff viewed eco-metrics as valid or highly 
valuable as a method for tracking and curbing print usage, others disagreed noting 
first that these metrics would not prove helpful to them, and subsequently 
explaining how they viewed comparative, or financial metrics, as useful. When 
addressing the differing motivations and attitudes of users, it could be argued that 
if a single interface is deployed without a degree of customisation or 
configurability, its acceptance and perceived ease of use may vary (Filonik, 
Medland, Foth, & Rittenbruch, 2013; Froehlich et al., 2010). This issue comes to 
the fore when an environmental issue is not readily accepted as an imperative for 
an organisation (Turner & Deadman, 1983). Attention or impact may be low if the 
communicated information is packaged poorly (Becker, 1978; Cialdini, 2003; W. 
Schultz et al., 1995), as the relative importance of the information is already low 
within the environment.  
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Similarly to Gonçalves et al. (2013), three templates were initially trialled in an 
expert user review: eco-metrics (paper consumption as CO2, trees required, and 
water consumed), financial/traditional statistics (paper consumption as a dollar 
figure, and the total pages printed), and comparison based statistics (paper 
consumption compared to others in the same business area). Each aligned with a 
different potential set of motivations drawn from initial interview analysis. 
Uniformly, the preference of expert users was to receive all of the different 
metrics at once, claiming it was more informative. This demonstrated that whilst 
there continues to be a need for different types of feedback, cordoning off 
different avenues of feedback could also prove problematic if it was prescriptive, 
especially as users became more experienced. The evidence suggested that either a 
range of options should be presented in future work or a degree of configurability 
should be offered to the individual to cater for their changing preferences as they 
learned.  
 
What this desire for configurability demonstrated was that while different 
motivations are useful for classifying participants, they were not a functional 
method for discriminating which type of feedback to deliver. The finding here 
points to the need for configurability in the future interfaces developed as part of 
my research, rather than restricting the information flow with prescriptive 
feedback tailored to a specific set of motivations. This finding led to further work 
in empirical chapters 6 and 7 of this thesis, and is a theme realised in a deployed 
prototype E2. 
5.4.2 Interface Configurability and Requisite Diversity 
The second theme supported the need for differing interfaces providing 
meaningful resource consumption information for all staff. This, however, was 
weakly reflected due to the counter opinion that – given the choice – staff would 
receive all methods of feedback, discerning for themselves what was relevant or 
most useful at any given time. This finding demonstrates that user preferences for 
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feedback vary over time, and that particular types of feedback may be useful at 
different parts of the learning process the user undertakes. This education would 
similarly help to identify amongst all feedback, which was the most meaningful. 
Having observed this learning behaviour, it implies that while one interface does 
not suit all, if the interface allows for multiple metrics and persuasive elements to 
be displayed, the user will form an opinion on their favourites, and that these are 
not fixed. Effectively, if the requisite diversity of elements is present within an 
easily interpreted interface, users will form opinions upon their favoured methods 
as they learn.  
5.4.3 Inaccurate Estimation and “Necessary Printing” 
The interviews revealed resounding staff beliefs that sufficient information was 
gathered on paper usage for a team and individually by simply looking at the 
build-up of paper in the recycling pile. Most staff also felt as if they were already 
in a state of self-moderation, printing only what was required. The exception was 
when the individual recognised a method where less was printed to achieve a task, 
but chose to operate in a method they were comfortable with. An example given 
was printing documents for proofing and mark-up instead of using review features 
in Microsoft Word. 
 
The ability to judge the amount of printing using simple tools represents value but 
cannot provide accurate estimates. Logically, if individuals measure paper 
consumption using the build-up in a designated zone, that zone should hold all 
printed paper, useful or not. The zone should also not be regularly cleared of waste 
as this degrades the ability to reflect at a later date. This belief establishes the 
benchmark for improvement to the estimates kept by individuals.  
 
Also reinforced by the interviews was the feeling that there was a journey taking 
place, that printing was more than just an opportunity to get up from the desk and 
collect printing. The communal printing facilities meant that one-way, a journey 
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to the printer could take 45 seconds, and on the way co-workers were 
encountered offering an opportunity to socialise. Initially, this journey was 
thought to provide an opportunity for design interventions. However, once the 
individual is on the move to collect printing, communicating impact seems 
impaired and reflexive, leading to guilt. Dourish (2009) argues that design 
interventions that only appeal to the user’s morality of consumption are limiting, 
and that alternatives need to be included. 
5.4.4 Individual and Third-Party Control 
Participants thought that one of their managers, who championed environmental 
sustainability progressively, functioned as a useful reminder for them when they 
thought about printing. The practices of the manager included not reading printed 
documents that could be sent via email.  
 
Lastly, as examined by Pierce, Odom, & Blevis (2008) levels of individual and 
third-party control differ between environments. The observed and commented 
upon level of individual control and legitimate interactions available to staff using 
persuasive technologies was limited, as third-party control of job roles mandated 
certain printing activities. For example, some documents required printing in 
triplicate due to organisational workflows. Printing mandated by job roles (such as 
finance officers printing more during tax time) speaks to the previously mentioned 
belief of individual staff that – excluding accidents – the printing that they 
conducted was necessary.  
 
Discovering if this belief is justified proved extremely novel. For, if staff were 
already actively minimising printing within their job activities, the need for a 
stronger focus on printing policy amendments, change of organisational and 
management practices and a collective effort to rethink printing culture was called 
for.  
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5.5 P2 – Data Collection Discussion  
Table 19 below elaborates on the methods used for P2.  
Evidence Sources Actual Collection 
Baseline data  Gathered over 29 weeks  
Intervention data  Gathered over 27 weeks with 
overlap of beginning of baseline 
and end of intervention data 
Control data 
 
 To account for any anomalies 
in office behaviour, i.e. office 
wide paper reduction 
 Other significant decreases in 
paper use by office 
Table 19: P2 – DERI (Ireland), Quantitative study & evaluation 
Between 2010 and 2011, I undertook a replication study (P2) with Souleiman 
Hasan and Dr Ed Curry from the Digital Enterprise Research Institute (DERI) in 
Ireland. Dr Curry initially read my 2010 OZCHI publication “Curbing Paper 
Wastage Using Flavoured Feedback” and made contact expressing an interest in 
conducting a replication study and investigating the themes I mentioned as future 
work, specifically those focusing on teams. One of the findings that emerged from 
my interviews for P1 was that participants saw the relevance of, and expressed 
that they would be receptive to, a comparison within their team, or with other 
teams. However, a floor wide comparison did not seem relevant or acceptable to 
participants due to job roles with varying printing requirements, and the 
possibility of them being unfamiliar with the individual they were being 
compared with (Ek & Svaderholm, 2010). The length and participant make up of 
this study are explained below. My involvement was sought in developing the 
research objectives. The execution of the study, however, required the local 
assistance of Souleiman Hasan at the research lab in Ireland as I could not be 
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collocated (visiting in September 2011). After software release and technical 
support an agreement was reached to share results and publications.  
 
DERI is a research institute focusing on the Semantic Web with 130 staff divided 
among 20 organisational units and have the following range of roles: research 
interns, master and PhD students, post-doc researchers, research assistants, 
research fellows, senior research fellows, professors, technical staff, and 
administrative staff. Printers are communal and distributed around the DERI 
building (no floor plan available). Reasons for printing in DERI are summarised in 
the following three categories: 
 Administrative printing by administrative and research staff; 
 Printing research proposals, theses, academic and technical reports; 
 Printing academic papers for internal review and reading purposes. 
 
As Figure 21 shows, a total of 58 weeks of quantitative data were collected in the 
initial 18-30 weeks (i.e. week 1 through to week 30, with a minimum of 18 weeks 
of baseline collected, as some staff joined their teams later) as a baseline prior to 
communicating with staff.  
 
Figure 21: DERI replication study  
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18 individuals forming four teams of between three and six members within 
different business units were monitored. After initial contact with team managers 
asking for involvement and encouragement of team members, no further attempts 
were undertaken to motivate individuals. Each week the teams received individual 
emails recounting their paper consumption in different metrics, along with a team 
total. An example is shown below in Figure 22. 
 
Figure 22: DERI printing email including eco-metrics, and comparative statistics. 
Providing a weekly summary to teams was chosen as the smallest quantum in P2, 
because it related to the frequency with which teams were likely to have accrued 
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an appreciable amount of printing, while also not over-burdening them with too 
many emails. The scarcity of the data would also play into the natural competition 
between teams, as without an accurate estimate at all times, the teams were forced 
to estimate and conserve based upon their beliefs rather than their monitoring of 
data. 
 
The technical implementation of the software is shown below in Figure 23.  
 
Figure 23: DERI Technical Implementation 
The major elements at play here are: 
1. The ability to record and access print data across the office (Steps 1 and 2); 
2. A method for analysing and processing the stored print data (Steps 3 and 4); 
3. Regular feedback to teams via an accepted and trusted medium for 
communication (Step 5). 
5.6 P2 – Results 
The main measure studied in P2 was the total number of printed sheets of paper 
per person per week. The measure was evaluated using a before and after paired 
statistical test with the baseline period as the “before” period, and the feedback 
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period as the “after” period. Study P2 accounted for changes to overall printing at 
DERI also, such as project deliveries or proposal deadlines occurring around the 
same time, as these events could decrease or increase the printing by participants 
that did not result from the feedback itself, but related to the impact of an external 
event. What is argued here is that in order to assess the relative decrease in 
printing for a participant, the printing of DERI as a whole should be considered. 
Accounting for this variance in printing levels helps make it possible to state 
whether an external variable (e.g. project deadlines for DERI) impacted upon 
printing, rather than the feedback provided by the software itself.  
 
The hypothesis for P2 was that participants would reduce their print usage in 
order to improve their team performance. This hypothesis would be confirmed if 
the print usage of each participant decreased significantly after applying the 
feedback method. P2 would also provide sufficient information to answer RQ1.  
 
The following results are adapted from the 2013 publication co-authored by 
Souleiman Hasan: Hasan, S., Medland, R., Foth, M., & Curry, E. (2013, Apr 3-5), 
Curbing Resource Consumption Using Team-Based Feedback: Paper Printing in a 
Longitudinal Case Study; in Proceedings of the 8th International Conference on 
Persuasive Technology, Sydney, NSW. 
5.6.1 Individual Printing Performance 
Table 20 shows the weekly average printing proportions of participants for DERI 
as a whole. If a participant prints 10 pages and DERI prints 1000 over a week, then 
the participant’s printing is said to be 1%. Printing data is sourced from two 
periods: the period before the feedback method was applied and baseline data was 
gathered without participant awareness, and the period afterwards, when 
participants received weekly emails. 
 Members 
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 1 2 3 4 5 6 7 8 
Before 1.05% 2.39% 1.72% 0.31% 0.24% 2.37% 0.80% 0.60% 
After 0.73% 1.41% 1.50% 0.69% 0.16% 0.64% 0.95% 0.00% 
 Members 
 9 10 11 12 13 14 15 16 
Before 0.73% 0.04% 1.32% 1.41% 3.19% 0.65% 0.77% 0.04% 
After 0.93% 0.01% 1.68% 1.52% 0.73% 0.33% 0.34% 0.00% 
Table 20: Participant average weekly printing proportions for DERI as a whole 
Figure 24 provides an alternative illustration of participant performance, 
comparing “before” and “after” pair-wise numbers. This visualisation demonstrates 
that most participants decreased their printing, although these participants did not 
print enough to account for the decrease in printing by other members. Despite 
the slight proportional increase in printing by participants 4, 7, 9, 11 and 12, Table 
20 shows that the average reduction is approximately 28% compared to printing 
before feedback was received.  
 
In order to infer if the feedback method did in fact cause a reduction of the 
average proportional printing, a statistical test over two samples was performed, 
namely before and after applying the feedback method. These two samples are 
repeated measures of the same participant printing. Thus, a standard statistical 
paired t-test is suitable in this case (Hsu & Lachenbruch, 2008) to test the 
hypothesis. The t-test is done over one sample that represents the pair-wise 
differences between measurements in the two samples. Because the “difference” 
sample in this experiment is 16 < 30 in size, the t-test cannot be done unless the 
“difference” sample follows a normal distribution. 
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Figure 24: Participant printing performance before and after applying the feedback method 
In order to check normality of the “difference” sample, a standard Anderson-
Darling test (Anderson & Darling, 1954) with a standard level of confidence was 
done – commonly used in inferential statistics is α=0.05 (Cowles & Davis, 1982). 
The Anderson-Darling test hypothesises that the sample follows a normal 
distribution and tries to reject this hypothesis. For the printing data collected, the 
test results in a P-value = 0.343 which is greater than α=0.05. Consequently, the 
null hypothesis cannot be rejected, and the “difference” sample is inferred as 
normally distributed. Additionally, Figure 25 illustrates the Q-Q plot of the 
“difference” random variable. It plots the variable against the normal distribution 
and shows the measures falling randomly around the y=x line meaning that the 
sample follows a normal distribution. 
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Figure 25: Q-Q plot of the “difference” sample confirming a normal distribution 
5.6.2 Team Level Printing Performance 
Improving the team’s printing performance is not the ultimate goal of the team-
based feedback method. However, if the feedback is effective at persuading 
individuals within those teams, it is a natural consequence. In fact, it is possible to 
achieve statistically significant improvements at the individual level while failing 
at the team level if there are outliers who increase printing in a way that affects 
the sum of the overall team performance, but not the statistical significance of a 
large number of members who decrease their printing. Figure 26 illustrates the 
before and after team average proportional printing, measured as the average of 
sums of each team member’s proportional printing. All teams except unit 2 were 
able to reduce overall team printing. 
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Figure 26: Teams printing performance before and after applying the feedback method 
In order to analyse the results of P2, the results of P1 are compared. P2 re-
examined three themes from P1: 
Theme 1: Any printing conducted by staff was viewed as necessary, excluding 
accidents.  
Theme 2: Staff viewed different metrics as relevant or alternatively, as 
unnecessary for feedback on printing behaviour.  
Theme 3: Staff viewed co-workers championing reduced paper use as a helpful 
reminder to be conscious of how much they were printing. 
5.6.3 Theme 1: All Printing is Necessary 
Five participants – about 31% of the contributors – showed a slight increase in 
their proportional printing and thus did not respond to the feedback method. This 
observation suggests that an incentive relevant to those participants to persuade 
them to reduce their printing was not addressed by the team-based feedback 
method.  
 
While the feedback method covers thoroughly themes 2 and 3, it is likely that the 
driving force behind the non-responsive participants not to reduce their printing 
is due to theme 1.  For example, their view that all their printing is necessary. 
Thus, this experiment raises attention to theme 1 also found in study P1 and 
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suggests that any feedback method needs to address fully or partially this theme to 
get better results, for example by changing business processes. 
5.6.4 Theme 2: Flavoured Feedback 
Theme 2 suggests that different people have different views of what types of 
feedback are valuable or useful to them, such as traditional or eco-metric. Emails 
sent by the prototype applied these feedback methods in tandem. The empirical 
study showed a statistically significant proof that the feedback method helped 
decrease the printed-paper consumption in combination. Thus, stating the same 
information in different ways that address different models of individual 
perception is in fact a good feature of feedback methods. 
5.6.5 Theme 3: Comparison and Competition 
Emails sent by the feedback software included two types of comparisons: temporal 
and social. Temporal comparison contrasts team printing performance in a week to 
performance the week prior. Social comparison compares printing performance on 
a team-to-team basis. Study P2 evaluated both types on a team-level rather than 
on an individual level. Results showed that the feedback method applied is sound 
and useful, as it has been able to form an incentive for individuals to lower 
instances of unnecessary printing. That is consistent with theme 3 presented 
previously in study P1. 
 
Nevertheless, P2 showed that the overall printing performance of some teams may 
not change even when the majority of team members are responsive. This is due 
to the fact that outliers may exist in a team with the feedback method unable to 
motivate them to reduce their usage. This calls for hybrid individual and team-
based feedback models where predefined outliers can be targeted with personal 
feedback emails and other people with team-based feedback emails. 
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5.7 Discussion 
The quantitative analysis of P2 ultimately confirms that the persuasive design 
developed qualitatively in P1 achieved an average decrease in printing of 28%. 
The combined findings establish an answer to RQ1: that persuasive designs can 
have long-term impact upon participant resource consumption without 
continuing interaction with the researchers. As there was no researcher 
involvement with participants beyond the initial contact with team leads (who 
involved and briefed their own team members), participant motivations to engage 
in environmentally conscious behaviour were addressed by the persuasive design, 
but were not influenced directly beyond the bounds of the persuasive design. In 
effect, the isolation of the persuasive design acts as a measure of efficacy, in that 
other confounding factors, such as continuing researcher motivation were not 
present.  
 
Studies P1 and P2 addressed a gap in knowledge surrounding the efficacy of 
targeted feedback on resource consumption, and the need to better address 
individual preferences, motivations and beliefs through interfaces targeting 
reduction. A truth for my research was established, with the successful 
development and deployment of a persuasive design that promoted 
environmentally conscious behaviour in participants, without continued 
interaction with the researcher.  
 
A unique contribution of this study comes firstly from the methodology applied, 
and secondly from the finding that despite the impact of printing mandated by 
business as usual practices in offices, teams print less when aided by weekly 
feedback accurately conveying their consumption, using a range of metrics and 
persuasive methods.  
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Identifying the relevance of a sanctioned feedback channel, while understated in 
the results, is critical in reaching the desired audience. Throughout both trials of 
the persuasive design, email was used to provide feedback. In settings where there 
are sanctioned and pervasive methods in place, designing an intervention to take 
advantage of the affordances of the medium is vital. The accuracy of the feedback 
provided also offered a significant improvement over the existing methods of 
tracking individual and team paper consumption commonly available to staff. 
 
Furthermore, providing requisite diversity to the feedback provided to staff 
proved more compelling than delimiting access to individuals based on a set of 
criteria or archetype. The study also found configurability to represent an avenue 
for greater value that many interfaces could take advantage of, particularly when 
addressing the outliers present in P2.  
 
Throughout studies P1 and P2, metrics explaining paper consumption in terms of 
carbon dioxide produced, number of trees cut down, and water consumed were 
available, as were descriptive and injunctive normative information. These took 
the form of a comparison graph engendering completion between known others, 
and approval of actions using faces expressing happiness or sadness. The 
effectiveness of these methods in concert with each other has been established for 
my own research thanks to P2. The argument that a range or feedback options 
should be made available to staff (Froehlich et al., 2010; He et al., 2009) is 
supported by these team reductions.  
 
The results argue for the functionality of these methods of feedback, but they 
were not individually established as relevant without other pieces of feedback. 
The use of social norms in providing resource feedback is however supported by 
previous research (e.g. Reno, Cialdini, & Kallgren, 1993; Schultz, Nolan, Cialdini, 
Goldstein, & Griskevicius, 2007) which has shown that both positive and negative 
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emotions displayed through injunctive normative information aid the 
effectiveness of descriptive normative information. What is clear from this study is 
that comparisons through descriptive normative information should be conducted 
with real-others, those that one knows or associates with. There needs to be some 
social glue in an office environment to make such comparisons meaningful to the 
individual (Ek & Svaderholm, 2010). 
5.8 Limitations 
The results of this study are derived from a qualitative and quantitative mixed 
methods research design. Such designs feature inherent limitations in the conduct 
of the qualitative aspects of the research. Efforts were made to keep personal bias 
to a minimum; it may however still be present.  
 
The concessions made as part of preparing the software meant that the eventual 
product provided limited interactions with staff beyond their email. The available 
channels for providing sanctioned communication to a variety of staff however 
necessitated this choice. An alternative route for delivering such information via 
desktop or taskbar based, persistent applications was discussed but was not 
sanctioned by the QUT IT Services department in study P1. 
 
In study P2, the decision was made to deliver all types of feedback to staff in a 
single email. This was based on feedback from most staff interviewed in P1 stating 
that they would prefer a range of feedback options to select the information most 
relevant to them. This prevented testing of the individual forms of feedback 
independent of others for each or any individual. This represents a source of 
inaccuracy for the study, as the fidelity with which claims may be made based on 
quantitative data is limited. To explore these themes accompanying qualitative 
methods may well serve to answer with richer detail which metrics were initially 
used by staff, and thereafter most functional. 
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The last potential limitation of P2 was that the quantitative analysis did not 
consider, until after publication, what avenues there were for interrogating the 
data across the intervention to detect whether participants were engaged early and 
sustained late (i.e. maintenance mode in the transtheoretical behaviour change 
model), or if engagement was sustained throughout and participants moved in and 
out of a maintenance mode.  
 
P2 did not provide a method for effectively tracking the opening rates for emails 
sent. This is an inherent limitation of the research, but one addressed in the whole 
of organisation printing comparison. The comparison in Table 20 specifically 
contrasts the printing rates of the teams that participated as a proportion of whole 
of organisational printing, against those that acted as control. This shows the 
difference in relative decrease across the year, demonstrating participants not only 
decreased their paper consumption significantly more than those not involved 
working in similar roles, but did so over the entire year. We are thus able to 
conclude that while there is no effective read rate for emails reported, the 
participating teams were impacted by the intervention, due to their divergence 
from the norm (control). The raised awareness of being monitored is perhaps more 
relevant concern for confounding results in this case, and the may account for a 
portion of the decrease, given the environment and third party control of 
behaviours. Exploring this as an issue will necessitate further qualitative research, 
interviewing participants and gathering first-hand experiences.  
 
While it was beyond the scope of the current study, it would prove interesting to 
examine the week-by-week data for each participant individual and team versus 
those acting as control. This further analysis would help to provide insight into 
the impact of the weekly emails, and represents an avenue of future research or 
data mining.  
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5.9 Summary 
The studies reported in this chapter, P1 and P2 set out to answer RQ1: Over 
longer time periods do persuasive methods promote environmentally conscious 
behaviour? 
 
The results of the two studies combined demonstrate that not only do these 
persuasive methods promote environmentally conscious behaviour over longer 
time periods, but they also do so without continuing and confounding researcher 
influence. These persuasive methods deployed by themselves can influence the 
individuals using them, particularly in a team goal setting.  
 
In answering RQ1, three major themes were also addressed which feed directly 
into the later studies within this research. Theme 1: that there is likely to be a real 
belief in participants that any resource consumption, excluding accidents, is 
justified and necessary. Theme 2: that individuals will find different metrics 
relevant or alternatively, as unnecessary for feedback on their resource 
consumption behaviour, and these may vary over time. Theme 3, that comparison 
with real-others, people the individual knows is an important feature of offering 
resource consumption feedback if the goal is to reduce overall consumption. 
 
P1 and P2 presented interventions aimed at reducing paper consumption by 
individuals and teams in two separate office environments. In order to investigate 
these concepts in P1, I conducted a qualitative study and thematic analysis on two 
rounds of interviews, developed and deployed a persuasive design developed using 
user centred methods, and analysed feedback from a steering committee. In P2, 
the persuasive design developed in P1 was deployed in a setting abroad and long-
term. The quantitative analysis added weight to the conclusions of P1 and 
established statistically significant results, proving that a reduction in resource 
consumption is possible using such tools. This blending of qualitative and 
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quantitative methods likewise serves to head off criticisms (Pierce et al., 2010) of 
other solely qualitative studies and represents a pathway for researchers to follow 
when conducting future studies.  
 
The results of this study offer insights for RQ2 showing that given more accurate 
and contextually relevant information at a time relevant to the individual, action 
is taken to lower resource consumption.  
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6 Studies E1 and E2: EnergyWiz and the Dashboard – 
Development and Deployment 
Preamble 
This chapter describes the detailed preparation, conduct, and results of two linked case 
studies addressing RQ2: What are persuasive designs that will effectively promote 
behavioural change towards lifestyles with reduced resource consumption? How can these 
designs be tailored to the needs and preferences of different people? 
 
The studies labelled E1 and E2 take place over three months and two months 
respectively. Both studies address targeted reduction of energy consumption in 
domestic environments (i.e. homes, flats, apartments). The persuasive design developed 
in E1 informs the development of a second persuasive design in E2. Co-opting the same 
successful methods applied in P1, E1 was exploratory and informed by prior field 
research (e.g. Dillahunt, et al., 2008; Dourish, 2009; Froehlich et al., 2009; He, 
Greenberg, & Huang, 2009; Hinterbichler, 2008). For E2, decisions made for the 
development and research objectives, were predicated on the findings of E1 and P1 – 
whilst P2 continued. Both studies were qualitative using quasi-statistics (Maxwell, 
2005) and considered the individual as the unit of analysis.  
 
The second iteration and deployment of E2 is discussed in the following chapter 
(chapter 7) as part of the larger Brisbane energy study. This chapter focuses on the 
development and first deployment of E2 and the relationship to E1.  
 
Referencing RQ2, the findings of E1 build on the findings of P1 and P2 applied to the 
energy domain, specifically addressing: What are persuasive designs that will 
effectively promote behavioural change towards lifestyles with reduced resource 
consumption? 
 
The findings of E1 are mixed, with lacklustre participant engagement in the real-world 
deployment. E2 gathered evidence for the first part of RQ2, and also addressed the 
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second part of RQ2: How can these designs be tailored to the needs and preferences of 
different people? 
 
The research discussed in this chapter furthered my understanding (both instances are 
persuasive designs promoting reduced resource consumption) but did not yet 
satisfactorily answer RQ2. The findings of E1 and E2 prove that while users have 
preferences towards, and interest in, different forms of feedback over time (as in P1 and 
P2,) the nature of the environment and resource monitored strongly influence 
participant engagement. The aim to answer RQ2 is continued by the second iteration 
and deployment of E2 discussed in chapter 7. 
 
Relevant publications 
Medland, R. C., Foth, M., & Petkov, P. (2011). Connecting people and resource 
consumption in real time. IEEE Pervasive Computing, 10(1), 63-65. 
 
Petkov, P., Köbler, F., Foth, M., Medland, R., & Krcmar, H. (2011). Engaging energy 
saving through motivation-specific social comparison. In Proceedings of the 2011 
annual conference extended abstracts on Human factors in computing systems (CHI), 
Vancouver, BC, Canada. 
 
Foth, M., Medland, R., Filonik, D., Petkov, P., Scott, I., & Rittenbruch, M. (2012). 
Domestic energy monitoring in Victorian households with PV solar installations: 
feasibility report for GV Community Energy. 
 
The two linked studies E1 and E2 discussed in this chapter consider the same units 
of analysis – individuals and domestic environments – with distinct persuasive 
designs.  
E1 – EnergyWiz: Google Android application: 
 Focus on offering a range of interfaces (He et al., 2009) employing different 
motivational methods for interaction with personal energy data individually 
and socially. 
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 Theory-led design: persuasive features and implementation guidance drawn 
from field exemplars (Dourish, 2008; Fitzpatrick & Smith, 2009; Froehlich et 
al., 2009; Holmes, 2007; Mankoff, Matthews, Fussell, & Johnson, 2007; 
Petersen et al., 2007; Strengers, 2008; Tomitsch et al., 2007). 
 Theoretical constructs and motivational methods drawn from a conceptual 
framework (Abrahamse et al., 2005; Cialdini, 2003; Darby, 2006; Fogg, 2003; 
W. Schultz et al., 2007; Strengers, 2008). 
E2 – The Dashboard: Apple iPad application 
 Focus on interface configurability, and the participant as a co-creator of 
content for others to use. Creation and management of feedback widgets from 
a range of self-programmable data sources including energy. 
 Persuasive features drawn from prior research findings of P1, P2 and E1 and 
prior related research (Rittenbruch, Foth, Robinson, & Filonik, 2012; 
Robinson, Rittenbruch, Foth, Filonik, & Viller, 2012).  
E1 and E2 both address RQ2:  
 
RQ2, structured to extend upon the research conducted in P1 and P2, has two 
linked propositions:  
 Persuasive designs are capable of promoting pro-environmental behaviour in 
individuals; 
 Tailored information increases individual engagement. 
The findings of P1 and P2 show that persuasive designs are capable of long-term 
pro-environmental behaviour change in individuals (Hasan et al., 2013). P1 and P2 
did not sufficiently answer whether the tailored information provided increased 
engagement. E1 and E2 assessed which interfaces participants make use of most 
frequently, informing my research of the differing information preferences of 
RQ2: What are persuasive designs that promote behavioural change towards lifestyles with 
reduced resource consumption? How can these designs be tailored to the needs and preferences 
of different people? 
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individuals. E2 then allows participants to create and compose their own 
information display based on their preferences, thus tailoring their interface to 
their needs and preferences. As with P2, E1 and E2 were assessed against whether 
they helped promote lifestyles with reduced resource consumption. 
 
To answer RQ2, different persuasive designs needed to be developed, deployed, 
and evaluated. The evaluation needed to show whether the designs promoted 
behaviour change and to what extent, or alternatively, why they did not. The 
persuasive designs could also be readily assessed in an absolute fashion using quasi-
statistics (Maxwell, 2005) of the usage data as an indication of engagement or 
preference. However, a complete picture (causality) would not emerge without 
evaluating other rich qualitative data sources, as participants were often moving 
through a process of behaviour change (He et al., 2009), and might well transition 
in and out of a maintenance mode (Ajzen, 1991; P. W. Schultz & Zelezny, 1998).  
 
The transtheoretical behaviour change model (discussed in Chapter 3) provides a 
lens through which to view participant engagement, and assess results. As Table 
21 below explains, the differing phases impact upon the thinking of participants.  
Pre-contemplation  The individual may be unaware, uninformed, unwilling or discouraged 
to change the problem behaviour. They do not believe the negative 
aspects of the current behaviour outweigh the positive. 
Contemplation The individual acknowledges that their behaviour is a problem and 
begins to think seriously about solving it. While they can be open to 
information about the problem behaviour, they still may feel 
ambivalent, and as such, may be far from making an actual commitment. 
Preparation The individual is ready to change. They aim to develop a plan they can 
commit to in the near future.  
Action The individual takes action by overtly modifying their behaviour.  
Maintenance, Relapse, 
Recycling 
The individual works to sustain the behaviour change, and struggles to 
prevent relapse. If relapse occurs, individuals regress to an earlier stage 
and Begin to progress through the stages again. 
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Table 21: Five stages of the Transtheoretical model (He et al., 2009) 
For E1 and E2, participants entered the contemplation stage, if they were not 
already. This is a natural consequence of their informed consent to participate in 
the research. Other participants were already in the later stages of the behavioural 
model. As the results show, it is necessary to first understand where within the 
behavioural change model participants are situated before commencing their 
engagement. A participant in the maintenance mode for instance, may show signs 
of disengagement with the persuasive design, as their behaviour reflects what they 
consider to be appropriate.  
 
E1 and E2 were the result of my collaboration with Petromil Petkov in 2010 and 
Daniel Filonik in 2011, both research interns with the Urban Informatics Research 
Lab. In both instances, my collaborators acted as the software developers (E1: 
EnergyWiz – Petromil, E2: The Dashboard – Daniel), while I conducted the field 
research.  
 
EnergyWiz was developed in 2010 and deployed in the field in 2011. After a 
subject-matter expert review, a six-week deployment drew from students living in 
Lancaster University colleges. The deployment included ten students who were 
asked three directed questions over the trial period via email. Four students 
completed the experiment and three semi-structured interviews were conducted. 
 
The Dashboard was developed in 2011 and deployed in the field for the first time 
in 2012 (the second deployment is discussed as part of E3 in chapter 7). A three-
week deployment to five subject-matter experts was conducted. Two interviews 
were conducted with each participant, one prior to using the Dashboard, and one 
after three weeks of use. 
 
Table 22 below summarises the main sections of this chapter for quick navigation. 
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Chapter Section Description 
Pg. 153 A discussion of the methods specific to this study and the 
reasoning behind the structure and analysis conducted. 
Along with the lessons learned from a technical 
standpoint.  
Methodology 
Pg. 157 A detailed discussion of the development and 
deployment of the first real-time energy monitoring 
application: EnergyWiz.  
E1 - Data Collection 
Discussion  
Pg. 167 A discussion of the major themes and shortcomings of 
the research and the direction for future interventions.  E1 - Results  
Pg. 173 Building on the findings of P1 and E1, a detailed 
discussion of what was taken forward to the second real-
time energy monitoring application: the Dashboard 
E2 – Data Collection 
Discussion  
Pg. 182 A discussion of the major findings and iterative 
improvements required for the second deployment as 
part of study E3 (chapter 7).  
E2 – Results 
Pg. 187 A convergence of findings of E1 and E2. Drawing 
together the two separate studies and their insights into 
resource consumption. 
Discussion 
Pg. 190 A frank discussion of the sources of potential bias within 
the study and the shortcomings of the research methods 
applied given the scope of enquiry. 
Limitations 
Table 22: E1 & E2 Chapter Layout 
6.1 Methodology 
E1 and E2 were qualitative case studies employing similar methods to P1. As with 
P1, rich first-hand accounts were gathered through interviews, observations, and 
documentation generated as part of the research process by participants. E1 and E2 
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each also iteratively developed user centred prototypes linked to different energy 
monitoring infrastructure (OWL and CurrentCost respectively).  
 
A domestic environment, however, is not like an office environment, and offers 
limited collocation opportunities for a researcher (without confounding data 
gathered on participant behaviour). As the intent of RQ2 is to observe and collect 
data on the behaviours of individuals, this is an important but troublesome 
concession. To address this limitation, quasi-statistics were employed as a 
quantitative measure of persuasive design use by participants, and directed 
feedback was sought from participants at regular intervals throughout their 
involvement.  
 
As a result, interviews were the main method applied to gather participant 
feedback. For E2 interviews were conducted in the homes of the participants 
allowing for observations to be gathered. Participants of E1, however, were 
located in Lancaster, and I could not be present. Therefore, interviews were 
conducted over Skype. Observations were constrained to those taken during my 
visit to Lancaster University in 2010 and 2011.  
 
As E1 and E2 offer real-time energy monitoring data to individuals on a mobile 
device, I sought to find out whether participants view the information conveyed 
as sufficient, independent of other services or feedback methods, or augmenting 
other feedback. This is a question best explored via interviews and qualitative 
methods, as the reflection that a participant engages in is directly accessible for 
questioning.  
 
When E1 was being developed, research evaluating the potential of real-time 
energy monitoring in homes, was an emergent and nascent area of research. 
Authors such as Dillahunt et al. (2008) and Froehlich et al. (2009) had just 
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published their findings, and the Climate Smart Home Service (CSHS) program 
had released over 100,000 energy monitors in Queensland ("An Important 
Announcement from the ClimateSmart Home Service," 2012). A natural extension 
of my research was to apply the methods used in P1 to E1. As such, a theory-
informed design approach was undertaken for the first energy related persuasive 
design (EnergyWiz), drawing together the insights of the different prototypes 
deployed in the field by other researchers, and also the methods used to evaluate 
them. The argument here was for the development of a prototype drawing 
together the insights of other studies, through the conceptual framework of my 
own research in order to address RQ2.  
 
A mixed methods approach was not used for E1, or E2, due to the short 
deployment windows that were available. The persuasive designs deployed were 
research prototypes, and sought feedback on their function and improvement. As 
a result the methodology applied by Mankoff et al. (2003) – derived from Nielsen 
and Landauer (1993) – was used. The argument made by the authors is that 
subject-matter experts are able to discover the majority of issues present in a 
prototype, and that sufficient data is gathered for iteration and revision.  
 
As part of my ambition for real-world research deployments, I undertook 
extensive technical evaluation of a range of energy monitoring devices. The 
findings are included in Appendix A, which illustrates the non-trivial nature, and 
struggle with, concomitant issues of a nascent and growing market of rudimentary 
energy monitoring devices with many offering little consideration for accessibility 
or usability. My work in this domain represents a three-year investigation 
undertaken as part of the PhD, culminating in a bespoke software solution for E2, 
as well as a report written for GV Community Energy: Foth, M., Medland, R., 
Filonik, D., Petkov, P., Scott, I., & Rittenbruch, M. (2012). Domestic Energy 
Monitoring in Victorian Households with PV Solar Installations: Feasibility 
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Report for GV Community Energy. Queensland University of Technology, 
Brisbane, QLD. http://eprints.qut.edu.au/53206/ 
 
The limitations inherent in the technical implementation of E1 (explained in 
Section E1 – Data Collection Discussion) demonstrate the importance of this 
ongoing effort.  
 
One of the important lessons to consider when undertaking E1 and E2, was to 
understand that the resources being considered were different. Paper is a physical 
resource that is easy to touch and perceive. Making a quantifiable link between 
the paper and the original source – a tree, is not taxing. Energy, however, is 
ephemeral and invisible (Fitzpatrick & Smith, 2009). The conception of electricity 
transmission, and linking the use of a device back to a power plant is more 
difficult. 
 
Paper is also an item that operates at a different granularity. Paper is not passively 
consumed like energy, and when it is consumed, it is in contiguous units (i.e. 
sheets of paper). The level of specificity for providing feedback for paper is 
straightforward as it is consumed piece by piece; for energy – as consumption is 
continuous and often passive (due to background services) – the metric for 
conveying use is less clear and poorly understood by participants (Darby, 2006). 
When considering the feedback and the methods with which it was issued to 
participants. It was important to note that a weekly email – as provided in P2 – 
would not prove appropriate, nor would it offer the granularity required. Defining 
at what regularity data should be communicated to individuals is an often 
overlooked area, impacting perceived data value (Abrahamse et al., 2005) and 
scarcity, and varies from resource to resource. The limitation for my research 
involving energy monitors is also one relating to the emerging nature of the 
energy monitors currently on offer to the domestic market, and their reliability. 
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While it would be ideal if these monitors were completely accurate, and able to 
offer appliance level monitoring, the feedback offered as part of my research 
works within these inherent limitations, attempting to adhere to the desire for 
real-time feedback at points in time that are highly relevant (Medland, 2010). 
 
The way patterns in paper use emerge may also be far more sporadic given that the 
purpose is not personal some of the time, and part of a job role that may add a 
suitable level of variety to the operation – enough to continue to have individuals 
move through the maintenance and other phases. Energy the consumption 
patterns may vary just as sporadically, but they are inexorably linked to another 
activity (such as washing clothes). Whereas the use of printed paper, while it may 
form part of a larger workflow, is a replicated behaviour with identical features in 
the physical conduct of the activity (i.e. walking to the printer, checking the 
printed matter, etc.). 
6.2 E1 – Data Collection Discussion 
Table 23 below elaborates on the methods used in E1.  
Evidence Sources Actual Collection 
Documentation  Final project specification document and timeline 
 Appropriate email traffic over the duration of the 
project  
 Directed email engagement through questions put to 
participants 
Archival Records  Baseline energy date of participant apartments  
 GreenLancaster dataset and website 
Interviews 
 
 Subject matter expert review (Germany) 
 3 participant interviews (UK) 
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Direct Observations 
 
 Reference photos of participant lodgings and energy 
monitoring infrastructure photographed during 2011 
field location visit  
Participant 
Observations 
 Not possible given foreign site, directed email 
interaction used to supplement data 
Physical Artefacts  Access to reference models of equipment used by 
participants through manufacturer collaboration 
 Extensive use of mobile devices used for application 
Iterative Prototyping 
 
 UCD methods to develop software with frequent 
internal feedback and revision 
 Feature requests by expert user review 
 Policy and architecture constraints 
Table 23: E1 – Lancaster University (UK), Qualitative study & evaluation 
In 2010-2011 through collaboration with 2 Save Energy, a suitable site to test 
EnergyWiz in the field was found: Lancaster University. A three-month study was 
initiated and carried out during the second semester of 2011. Figure 27 below 
displays the study in visual form.  
 
Figure 27: EnergyWiz Lancaster University Deployment 
Six weeks of baseline data were gathered and 10 participants contacted. Five 
finished the study, and the results were limited due to two factors: 
1. An update only once every twelve hours was available for participant 
energy consumption data. 
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2. Some participants experienced technical difficulties on their Android 
devices.  
6.2.1 Experiment setting 
The chosen location for E1 was Lancaster University, specifically the university 
accommodation participating in an energy reduction competition organised by the 
university. EnergyWiz had been designed to work in conjunction with the 2 Save 
Energy OWL energy monitor which was also used by the college at Lancaster 
University, so it represented an ideal site where the requisite technology for 
EnergyWiz to function when installed.  
 
My motivation for pursuing Lancaster University as a research site related to 
research published by J. E. Petersen et al. (2007). In a similar college environment 
at an American university, the authors provided low and high-resolution 
feedback, which was introduced to different college dormitories (2 high-
resolution, 20 low-resolution). High-resolution feedback consisted of real-time 
updates of energy consumption to an appliance level, whereas low resolution 
consisted of standard monthly utility bills. Incentives were provided, in the form 
of a competition and prizes. Having carried out baseline data gathering, results 
showed a 55% energy consumption decrease in high-resolution dorms, versus a 
31% energy consumption decrease in low-resolution dorms (Petersen et al., 2007). 
Additionally, high-resolution dorms sought feedback more frequently than those 
receiving low-resolution feedback.  
 
Lancaster University offered a similar competition to their college students: 
GreenLancaster3. Each semester, GreenLancaster conducts an energy conservation 
competition between Lancaster University college apartments. Prizes are offered 
for the residents of those apartments that conserve the most energy. 90 student 
                                                 
3 https://twitter.com/GreenLancaster 
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flats were monitored, and their energy data was updated once every 12 hours to 
the GreenLancaster website (greenlancaster.org.uk – this website has subsequently 
been decommissioned). Figure 28 shows an example of the information provided 
to participants.  
 
Figure 28: GreenLancaster Carbon campus challenge website 
The similarities to the situation already present at GreenLancaster meant that 
EnergyWiz could provide persuasive feedback to individuals who were receiving 
low-resolution feedback, potentially increasing how often they sought feedback, 
and decreasing the amount of energy consumed. The competition environment 
meant that participants were, potentially, already motivated to reduce their 
energy consumption, and EnergyWiz would enable participants to take action (He 
et al., 2009) and change the behaviours.  
6.2.2 Software Development 
EnergyWiz included the feature set of the traditional real-time energy monitors 
along with additional social and psychological considerations, including three 
types of social comparison: normative (Cialdini, 2003), one-on-one (Gibson, 2009), 
and ranking (Petersen et al., 2007). Below are the six main views available within 
EnergyWiz. 
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Figure 29: The challenge and history views within EnergyWiz 
On the left of Figure 29, a challenge is underway between two friends. This option 
provides a comparison of energy consumption for each competitor, along with 
how long the challenge lasts. The data can be shared using Facebook. On the right 
of Figure 29, we see another social comparison, providing a ranking of similar 
users (attributes such as household size and residence type).  
 
Names 
hidden 
Names hidden 
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Figure 30: Live data view and the main menu of EnergyWiz 
On the left side of Figure 30, we see the main menu for EnergyWiz providing 
quick access to all the different features of the application. The right side of Figure 
30 displays features depicting descriptive (the KWh) and injunctive (the smiling 
face) normative information comparing two different neighbours with the 
averaged performance of two groups of neighbours. These two types of feedback 
display to the user clearly if their actions are approved of or not, preventing any 
boomerang effect towards the norm (W. Schultz et al., 2007). 
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Figure 31: The neighbours and ranking view within EnergyWiz 
The left of Figure 31 displays feedback on current energy consumption in a range 
of metrics in a similar fashion to studies P1 and P2. The selected metric is energy 
consumption in terms of CO2 created along with the efficiency rating and a 
normative message about the required number of trees to absorb the energy being 
used (from traditional coal power stations). Other options, selectable at the 
bottom, include conversion into kWh and the estimated monetary value of the 
energy being consumed. On the right of Figure 31 is a graph of the recorded 
hourly usage over a 24-hour period. This graph can be used to review historical 
usage and can also be zoomed for finer levels of detail.  
 
One limitation we worked within for the EnergyWiz study related to a change in 
data gathering policy that meant we had to adjust to a 12 hourly consumption data 
refresh. We were also unable to directly interface with the database holding 
consumption data due to the IT security policies at Lancaster University. The 
solution was to source the information from the GreenLancaster website, checking 
for changes every 15 minutes. As our only option, this was less than ideal and 
meant that any changes to the layout or styling of information on the 
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GreenLancaster website would cause our data gathering script to potentially break 
and generate errors.  
6.2.3 Participants 
Participants were drawn from the eligible student population. Eligibility relied 
upon having access to an Android mobile phone and being a college resident 
participating in the GreenLancaster competition. 15 students came forward and 
volunteered to participate. 10 responded when contacted and were sent 
instructions for installing the application.  
 
The participants were chosen additionally on the basis of being from different 
university flats, to avoid two participants using EnergyWiz for the same location. 
This constraint was established to maximise the social comparison across different 
flats. 
 
By the conclusion of the study five students satisfied participation requirements, 
having answered the fortnightly questions. Of those students, three agreed to be 
interviewed. Participants were awarded a £15 Amazon voucher for participating 
in the six-week study.  
 
Those involved all were between the ages of 18 and 23, with a mix of three female 
and two male participants completing the study. 
6.2.4 Interviews 
Interviews were conducted during March via Skype, at times convenient to the 
participants within time zone constraints. The three semi-structured interviews 
were conducted ranging from 15-22 minutes in duration, with excerpts 
transcribed. The interviews sought to explore the use of EnergyWiz and also to 
assess the impact of the application, if any. During these interviews, I also 
gathered demographic and other relevant information about the living 
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arrangements of the participant, by asking questions like: “How many students 
live in the flat with you?” and “Do you have an energy monitor anywhere in the 
flat?” 
 
Interviewing via Skype was difficult, as it was challenging to put participants at 
ease, and conversation at times became quite stilted due to transmission quality. 
This represents a limitation of E1 and demonstrated the importance of face-to-face 
interviews in qualitative research.  
 
The questions asked addressed the use and opinion of EnergyWiz, as well as 
whether the participant noticed any changes in their behaviours or energy 
consumption. The opening question was “What impact, if any, do you think the 
EnergyWiz application has had on your consumption of energy?” and depending 
on the response from participants, the follow up questions were used to clarify the 
response to the first question. This was a useful strategy as the participants were 
unsure of some of their habits. The second major question asked: “Which feature 
of EnergyWiz do you think is the most useful, or that you use the most?” in an 
attempt to discover the perception of the individual. This question, and follow-
ups, was quite good at having the participant to evaluate their own use, through 
describing their use of the features of EnergyWiz. This was also a useful pathway 
to have some of the usability elements reviewed, particularly given the screen 
real-estate of mobile displays.  
 
Also, due to the nature of the study, and the lack of observations gathered during 
the deployment, participants were asked about their environmental awareness 
during interviews. A modified version of the Wilson and Patterson (1970) 
conservatism scale, deployed in a larger study of 1849 people by S. Medland, 
Hatemi, and Matrin ((forthcoming)) was used. Five keywords associated with 
environmental awareness were used to classify participants as above or below the 
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mean (as shown in Figure 32). Each participant was classified as ‘highly 
environmentally aware’ having answered above the mean. 
How important are these topics to you on a five-point scale, 1 
is the lowest, 5 is the highest: 
- Nuclear power plants 
- Reclaimed water 
- Global warming 
- Kyoto accords 
- Emission trading scheme 
Figure 32: Environmental Awareness Keywords (S. Medland et al., (forthcoming)) 
6.2.5 Directed Email Feedback  
For EnergyWiz, throughout the course of the study, two questions were asked of 
participants. These were open questions seeking to gather the differing 
perspectives of the participants on the design decisions made. The questions are 
included below. The reasoning behind asking these questions was to bolster the 
data being gathered during the deployment, as it was impossible for direct or 
participatory observations to be taken. Regular communication was also viewed as 
a way of maintaining interest, and helping participants to feel included.  
 
Question 1: Please share with us your initial impressions, what feedback you have 
and most importantly if you have any questions about EnergyWiz. 
 
Question 2: In your opinion, when you open EnergyWiz, what parts are easy for 
you to understand at a glance, and what parts are not? We would also be really 
interested to know if any of you have made any efforts to inform your flatmates 
about saving energy. 
 
Beyond these questions, feedback mostly related to technical issues with the 
application, either during installation or when in use. These were minimal and 
related to the variety of Android devices participants owned. 
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6.3 EnergyWiz Results 
The findings of E1 are limited. The 12-hour refresh of data meant that the core 
functionality of the application (i.e. real-time energy monitoring) was not 
available. As a result, there were no significant changes in energy consumption by 
participants that could be readily derived by comparing their baseline and 
intervention data. E1 did however further my understanding of RQ2, as 
participants were able to assess the features they saw as most relevant, and those 
they used the most.  
 
Included below are the thematically grouped responses of the participants and the 
two directed questions provided to participants via email. The identity of the 
participants has been replaced with participant labels. 
 
Question 1: Please share with us your initial impressions, what feedback you have 
and most importantly if you have any questions about EnergyWiz.  
Participant 1: The main issue I have with it [EnergyWiz] is that it feels quite “clunky” on my 
phone. I know that I have built some apps and have had the same issue with these on a [HTC] 
Wildfire but then it’s fine on different phones. 
 
Participant 2: My first impressions of the app were really good! I thought it looked very sleek 
and it was very easy to use. I did come across a few bugs (which have been fixed) such as not 
being able to see the ranking and also the data did not download one day. It would be nice to 
have a comparison with people just on your block, but the ranking system is good for the whole 
university! 
 
Participant 3: I have found the EnergyWiz application very easy to use although when I 
‘Challenge’ someone it tends to crash the app and I have to ‘Force Close’ it and restart. I like the 
graph showing the variation between days and the league table. None of the challenges I have 
sent seem to work so far; how do you find out results for them? 
 
Participant 4: Initial impression: Clean, clear and organized UI design. Easy to navigate and use.  
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Feedback (participant 4): 
1) Would be fun if the app gave context specific tips to improve the use of energy in a 
particular house. 
2) Would be fun and interesting if app could give measurements of energy usage for each 
student room in a house. 
3) Under “Impact,” symbolled buttons for CO2 and kWh should be labelled to cause less 
confusion. 
4) Like the comparison made between energy consumed/CO2 emitted with equivalent levels 
of energy needed to run laptops/trees necessary to absorb the emitted CO2. Puts the energy 
consumption into context. 
 
Question: Under “Ranking” my house is, for example, ranked as number 83 and these numbers 
apply for week/total KWh: 278/2723. I understand what 2723 indicates, but what does 278 
indicate? Get confused as the numbers differ from house to house. 
 
Question 2: In your opinion, when you opened EnergyWiz what parts are easy for 
you to understand at a glance, and what parts are not? We would also be really 
interested to know if any of you have made any efforts to inform your flatmates 
about saving energy. 
Participant 1: My phone, the HTC Wildfire, has issues with the size of the images on the screen 
so it’s really hard to see all the data at once. But again I don’t think this is an issue with the 
application more an issue with my phone and the version of android it [my phone] is running. 
 
Participant 2: The graph, neighbours and impact functions are very easy to understand, the 
ranking takes a few seconds to work out how the scores are ranked and the challenge function I 
had to email to ask what it was!! Also, I’m trying to access the app atm and it isn’t loading up, I 
just get a black screen. I haven’t really made any effort to inform flatmates about saving energy 
but I do keep them updated occasionally with how much energy we are using! 
 
Participant 3: I find all of it easy to understand at a glance except the ‘Challenge’ part; when I 
challenge someone it accepts the challenge but I am unsure what the following steps are. A few 
of my flatmates find the application and our use of energy quite interesting. 
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Participant 4: I have tried to access EnergyWiz these few weeks, but haven’t succeeded. It seems 
the internet network does not work well on my phone on campus. Have asked for help from the 
ISS Desk (Information Systems Services Desk), but they say the network does not work that well 
with Android phones. 
 
Is there any other way for me to access the app?  
6.3.1 Technical Issues and Shortcomings 
Participant 2 (as part of their response to directed question one) and participant 3 
(during their interview) mentioned technical issues related to EnergyWiz failing 
to retrieve energy consumption data. We discovered that this issue related to the 
GreenLancaster website failing to update for irregular periods of time, e.g., there 
were no updates for two-weeks during the Christmas holiday break. It is unclear 
as to why this happened. Eventually, these experiences led to the data gathering 
and display process at Lancaster University to be reconfigured to five-minute 
updates in a more robust fashion. Participant 1 was also eliminated from the 
interview round due to their responses and conclusion that their knowledge and 
use of EnergyWiz was limited.  
6.3.2 Engagement 
Table 24 below shows the reported usage pattern of participants during post-study 
interviews.  
Participant  Reported Usage Pattern 
Participant 2 Initial use: daily  
Mid-term: three times weekly 
Conclusion: twice a week 
Participant 3 Initial use: four times weekly 
Mid-term: once per week 
Conclusion: not at all 
Participant 4 Initial use: three times weekly 
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Mid-term: daily 
Conclusion: once per week 
Table 24: E1 Reported Usage Pattern, Six Week Deployment 
All participants, except for participant 4, mentioned that they initially used the 
application frequently, and less thereafter. Participant 4, however, when at home 
halfway through the deployment, and with better Internet access, increased their 
use. This increase in use related to an interest in observing energy consumption of 
the flat whilst it was vacated, and also to track when flatmates returned. This was 
one of the first instances of what was termed energy voyeurism (Filonik et al., 
2013), that is, a propensity to use shared energy monitoring data to remotely or 
historically track what socially linked others were doing at any given moment.  
 
Participant 3 expressed the highest environmental awareness of the three 
participants, reported using EnergyWiz the least, having only used the history and 
live data views. They reported having disengaged from the application due to their 
challenges never being answered and the difficulty that they experienced 
determining individual impact upon energy consumption.  
 
During a debriefing meeting with Philomena Bacon (a Lancaster University 
researcher), the emergence of a counter-culture in some flats was discussed. 
Students in these flats would sabotage their own carbon competition results by 
using excessive amounts of power (i.e. leaving electric stoves on overnight). This 
culture emerged in those flats that were out of the running for prizes as part of the 
carbon competition.  
6.3.3 Awareness and Visibility 
Participants 2 and 3 were aware of the GreenLancaster carbon competition but 
had not visited the website to check their consumption, nor knew the web 
address. Participant 4 did not know about the carbon competition but was aware 
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of GreenLancaster and their other activities having purchased a second-hand 
bicycle from them. This was surprising feedback, and confounded one of our 
assumptions: that all participants were aware of the GreenLancaster carbon 
competition. Similarly, none of the participants were actively engaging in the 
competition and had not checked their consumption data previously.  
 
None of the participants were aware of any display conveying information about 
their energy, water or gas consumption (all of which were monitored and 
displayed on the GreenLancaster website). All monitored flats were equipped with 
energy monitors in their kitchen and dining area. These monitors were secured to 
the walls.  
 
Participants viewed EnergyWiz as a complete replacement for current in-home 
energy monitors, rather than an additional source of feedback. Superseding both 
the wall monitor and the GreenLancaster website, preferring the mobility of 
access via an application to a website or in-home display. As such, questions were 
added to study E2 to explore this topic with participants who experienced the 
different interfaces (i.e., EnergyWiz and a real-time energy monitor). This 
feedback also challenged the assumption that participants were already in the 
contemplation phase of the transtheoretical behaviour change model due to the 
lack of any prior feedback within their flat. The lack of awareness of both the 
advertised competition and their own consumption data showed that without 
appropriate feedback channels, engagement is unlikely to occur. The existence and 
awareness of a carbon competition did not motivate participants 2 or 3 to visit the 
GreenLancaster website despite rewards being offered for the flats consuming the 
least power.  
6.3.4 Granularity and Timeliness 
As part of participant 4’s directed feedback, they mention “Would be fun and 
interesting if app could give measurements of energy usage for each student room 
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in a house.” This comment was echoed by all participants during interviews, as for 
participants 3 and 4, 12 students shared their residences. This difficulty in 
discovering direct impact on energy consumption (i.e., individual consumption) 
indicated disempowerment and hindered participant engagement – a theme 
supported by Froehlich et al. (2010). This theme of data granularity carried over to 
E2, as it represented a key area where the technology available was not meeting 
the expectations of the participants.  
 
Another challenge for the engagement was reported by participant 2, who upon 
arriving home, went around and turned off all lights and appliances they had 
access to. Due to the data refresh rate, no immediate change was noted. 
Additionally, the impact of the exercise was not readily assessable over the 
following days due to the aggregate total provided by GreenLancaster. Considering 
the implications of this lack of feedback it is easy to understand that regular 
feedback is an important factor when attempting to curb resource consumption 
(Becker, 1978; Abrahamse et. al., 2005). It is also easy to conclude that without 
this regular feedback at highly contextual moments in time and space long-term 
engagement is hampered (de Young, 1993; Darby, 2006).  
6.3.5 Feature Set and Usability 
Participants all responded to the comparative statistics, stating that they were both 
novel and appreciated. As can be seen from the directed question feedback, 
participants challenged others to compete on energy consumption, though it did 
not work for them at times due to a lack of response. Additionally participant 2 
commented, “It would be nice to have a comparison with people just on your 
block, but the ranking system is good for the whole university!” 
 
During interviews, participants were asked about the best and worst features of 
EnergyWiz, and their top suggestion for improvement. Participants provided 
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similar information as part of their directed email feedback. Top suggestions for 
improvement were: 
 Improvements to the challenge function with clear responses from others. 
 Numbers on graphs (kWh made most sense to participant 2).  
 Ability to determine individual impact upon energy consumption. 
 Real-time or near real-time data for EnergyWiz. 
6.4 E2 – Data Collection Discussion  
Table 25 below elaborates on the methods used in E2. The findings of the methods 
applied in E1, also meant that, while largely the same, E2 provided a greater focus 
on face-to-face interviews, and a renewed focus on the technical architecture of 
the persuasive design.  
Evidence Sources Actual Collection 
Documentation  Final project specification document & timeline 
 Ad-hoc email engagement through participant 
feedback 
Interviews 
 
 5 pre-study interviews including demographic data 
 5 post-study interviews 
Direct Observations  Gathered during installation, pre and post interview.  
Participant 
Observations 
 Not possible other than through role-play question 
asked during post-study interview 
Physical Artefacts  Access to reference models of equipment used by 
participants through manufacturer collaboration 
 Extensive use of early version of the prototype 
Dashboard 
Iterative Prototyping 
 
 UCD methods to develop software with frequent 
internal feedback and revision 
 Feature requests as part of the iterative design 
process 
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 Extensive paper prototyping prior to coding  
Table 25: E2 – Brisbane (Australia), Qualitative study & evaluation 
The project specification for the Dashboard was predicated upon the results of 
studies P1 and E1, as well as studies conducted by other researchers (Froehlich et 
al., 2010; Pierce et al., 2010). As a result, I varied the interface design, opting to 
develop a more holistic experience, blending the feedback methods common in 
literature (as well as P1, P2, and E1) and progressing the vision of designing for 
individuals (He et al., 2009) with different and varied interests.  
 
E2 was deployed twice; the first deployment (discussed within this chapter) 
involved five subject matter experts, using The Dashboard in their homes over a 
three-week period. The second deployment is discussed in chapter 7. Each 
participant was selected based on his or her background and familiarity with an 
aspect of the research being undertaken (pro-environmental behaviour, interface 
design, HCI, etc.). Two interviews were conducted (pre and post) per participant. 
Given the lacklustre data of E1 interviews, the focus on face-to-face interviews in 
E2 was increased, and questions were extended to gather further information.  
 
Taking into account the findings of P1, P2, and E1, and relating them back to 
RQ2, Table 26 - Table 28 show the pertinent issues addressed by study E2 across 
three categories: persuasive designs, promoting behaviour change, and tailoring 
feedback.  
 
Persuasive Designs Targeting Resource Consumption 
What other studies 
established 
P1 & P2 – persuasive feedback methods functional 
in office environments when monitoring paper, as 
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well as in domestic environments when monitoring 
energy (Cialdini, 2003), without further persuasion 
from the research team.  
E1 – did not persuade participants to reduce their 
energy consumption using same feedback offered in 
P1, P2 (Cialdini, 2003).  
Remaining gap Due to low participant engagement, E1 provided 
insufficient insight into why these methods did not 
persuade individuals. 
 
Further investigation in the energy domain is 
warranted to either confirm the conclusions drawn 
in E1, or clarify the potential issues.  
Table 26: RQ2 Deconstructed (Persuasive Designs) 
The data gathered in E1 helped to guide the implementation of E2. E1 generated 
evidence about which methods worked for participants, based on their feedback. 
The experience of conducting study E1, along with similar findings reported by 
other researchers (Fitzpatrick & Smith, 2009; Froehlich et al., 2009; Pearce et al., 
2009; Steg & Vlek, 2009; Strengers, 2008), argued for a change in direction in the 
second persuasive design, that is, a move away from issuing feedback on energy 
consumption via different feedback techniques on increasingly complicated 
mediums.  
 
Promoting behaviour change targeting resource consumption 
What other studies 
established 
P2 – reduced paper consumption of participants over 
longer periods.  
E1 – was not successful in reducing energy 
consumption in participants. 
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Remaining gap In the energy domain, given the evidence of Cialdini 
(2003) and Becker (1978), how can the persuasive 
designs be improved to achieve reductions in energy 
consumption? 
 
Why in the energy domain (Darby, 2010), was 
participant engagement different to that of P2?  
 
What elements, if any, were missing from the 
persuasive designs that participants desired? 
Table 27: RQ2 Deconstructed (Behaviour Change) 
Evidence gathered over the last four decades has shown that the methods applied 
in E1 are useful for targeted behaviour change in the energy domain (Becker, 
1978; Cialdini, 2003; Hutton et al., 1986; Wilhite & Ling, 1995). Considering 
lessons learned in E1 and P2, the focus of E2 was on examining the capacity for 
engagement with participants using persuasive designs. 
 
Tailoring designs to the needs and preferences of individuals 
What other studies 
established 
E1 – trialled three comparative feedback methods 
across five different interface views (shown in 
Figure 29, Figure 30, and Figure 31) 
 
After the commencement of my research, (He et al., 
2009) illustrate the strong tendency to, and issues 
with, researchers and industry to pragmatically 
provide one interface to all users. (Froehlich et al., 
2010) goes on to argue for a structure to issuing eco-
feedback.  
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Remaining gap Provide a fully configurable interface for 
participants to monitor their energy consumption, 
employing their interests to draw them into the role 
of a co-creator of content.  
Table 28: RQ2 Deconstructed (Tailored Feedback) 
Drawing together the above discussions, two implications emerge: First, E2 
needed to offer more than energy feedback to participants, and offer feedback in a 
way appropriate to the milieu (avoiding the pitfalls of E1). Second, E2 also needed 
to take into account the needs and preferences of participants, enabling them to 
become co-creators of meaningful content.  
 
In answer to the evolution of persuasive designs seen in P1, P2 and E1, and 
previous studies by other researchers, E2 implemented an ability to compose 
different data streams (Guinard & Trifa, 2009) within a single interface configured 
by users. E2 posited that if users were provided with a range of information they 
considered interesting, including energy consumption data (applying the methods 
applied in P1, P2, and E1), they would be more likely to make use of the 
information and continue interacting with it.  
6.4.1 Experiment Setting 
For this deployment, each of the participants trialled the Dashboard in their 
homes. Each home was visited and assessed for inclusion in the study. The primary 
concern was the installation of the energy monitoring equipment to the mains 
power supply. During this assessment, three participants were excluded, for the 
other five a CurrentCost Envi-R monitor along with an Ethernet-bridge (to 
facilitate data upload) was installed. The Ethernet-bridge meant that for each 
installation the monitors were less than one metre from the modem or router, and 
not in ideal positions for participants to readily view from high traffic areas of the 
house (such as the kitchen). Participant homes were visited three times during E2: 
 179 
(1) installation, (2) pre-study and Dashboard deployment, (3) post-study and 
Dashboard collection. 
6.4.2 Software Development 
Below are three different views of the dashboard deployed to participants during 
this trial. Each of the ‘widgets’ displayed below was created from available data 
sources (such as xkcd.com) and subsequently presented on The Dashboard.  
 
Figure 33: dashboard using energy graph, clock, local weather, and comic (XKCD) widgets. 
The energy consumption graph over a 24-hour period is displayed at the top of 
Figure 33. This data is sourced in real-time from the participant’s CurrentCost 
energy monitor via the data brokerage service Pachube (Now Xively - 
https://en.wikipedia.org/wiki/Xively). The data was sent from CurrentCost energy 
monitors installed in the homes of the experts. 
 
Below from left to right are: the clock widget, Brisbane displayed weather in the 
weather widget (sourced from the Australian Bureau of Meteorology), and the 
slideshow widget displaying a comic stream (in this case XKCD). 
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Figure 34: dashboard now including Twitter widget.  
Figure 34 displays a different configuration of the Dashboard. Across the top the 
clock widget features as before, and the weather widget now displays Melbourne 
and Sydney weather, as well as Brisbane. In the middle we have an energy graph 
displaying the participant’s energy (green) overlayed with another participant’s 
energy consumption (red) for the same period. To enable this functionality the 
users must become friends through the Dashboard configuration interface and 
allow their streams to be shared with each other. At the bottom we see the 
Twitter widget displaying the latest tweets from those the individual is following. 
 
The only limitation of the technical architecture was that even using a bespoke 
solution, updates of energy consumption were not possible at intervals of less than 
five minutes. This was due to the technical implementation of the data upload 
feature by the manufacturer of the energy monitor used to gather the data for each 
dwelling. 
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6.4.3 Participants 
For the dashboard trial, we opted to draw on known expertise having reviewed a 
method applied by Mankoff (2003), where subject-matter experts were able to 
identify the majority of the usability issues. I chose five participants aged between 
27 and 43, from differing technical backgrounds with expertise in HCI, interaction 
design, or pro-environmental behaviour. Three of the participants were regular 
iPad users. The other two while having the device did not use it regularly. 
6.4.4 Observations 
During each visit to the participants’ houses, direct observations were gathered. 
These related to the movement (if any) of the energy monitoring equipment, 
changes to the Dashboard and how it was used, and general observations about 
energy use (air conditioning versus fans versus natural air flow, lighting versus 
natural lighting, appliance and device use or standby etc.). The grounds were also 
reviewed during installation, and for one participant for instance, a large fountain 
was set to run at different times of day in recognition of the energy use.  
6.4.5 Interviews 
For the dashboard, five participants were interviewed twice, once prior to using 
the application, and once after three weeks of use. Demographic data was also 
gathered via a short survey conducted during the initial meeting for interview 
one. Unstructured feedback was encouraged, as was the use of the dashboard 
during the interview. The first interview lasted for between 7-23 minutes. The 
second interview took between 20-33 minutes, with a larger question base and 
more follow up questions. For clarity, the interview questions used are included in 
Appendix D. 
6.4.6 Email Feedback 
Email feedback from participants was ad-hoc during the trial and encouraged as 
the preferred method of communication. During the study, 12 emails were 
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received, of these five related to technical assistance with configuring or 
modifying different aspects of the dashboard. The remaining seven were all 
offering different levels of feedback about the prototype. A good example of the 
collaborative nature of the emails is shown below in Figure 35, this was in 
response to tracking down a “leak” in energy consumption in participant J’s house 
spotted thanks to the ability to monitor in near real-time the energy consumed. 
(The link spoken about in the first email is the bit.ly link issued to help me track 
how often participants accessed the website for their energy consumption data.) 
Hi Richard, 
 
Yes, up and running. It has raised more questions and answered a few. I have been in contact 
with relevant companies in which they are completely useless with information. Nevertheless, 
I'm working on making sure I have the correct data. Either I have a serious leak in electricity or 
the device is connected incorrectly. I will be reviewing the data collected by the inverter and 
compare it. 
 
Not a problem to start using the above link. I'm on the site almost every hour refreshing. Should 
I click on your link instead? 
 
Participant J. 
 
P.S. I want to keep the device I'll pay for it! The concept is awesome. 
Hi Richard, 
 
Interesting. I have turned off almost all devices from the wall in almost all rooms. My next plan 
is to collect the data daily from the device [Dashboard] and wireless units. I'll put it in a basic 
spread sheet and go from there. My next trip is to literally trip all the electricity from the box 
and see what does then.  
 
Can you see the usage from my box? 
 
Participant J.  
Figure 35: Email Feedback from Participant J.  
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Participant J was given the monitoring equipment to keep at the conclusion of the 
study as appreciation for participating.  
6.5 Dashboard Results 
When the Dashboard was first provided, participants were assisted in creating an 
initial set of widgets displaying local weather, a web comic (XKCD) or Flickr 
photo feed, and real-time energy graph. Any initial questions were resolved and 
the participants were left to explore thereafter. A user manual was also provided.  
 
Below in Figure 36 is the breakdown of Dashboard use by a participant over the 
trial period.  
--- uitester0@yahoo.com (study iPad 2) --- 
 
Activity: 23/03/12 13:25:11 until 04/04/12 11:30:40 
Time on Device: 4:47:59 
Time on Dashboard: 1:12:01 
 
Total Sessions: 32 
Daily Sessions (View/Edit): 
2012-03-23: 12 (6/6) 
2012-03-24: 2 (1/1) 
2012-03-25: 2 (0/2) 
2012-03-28: 1 (0/1) 
2012-03-29: 4 (2/2) 
2012-03-30: 1 (1/0) 
2012-04-01: 1 (1/0) 
2012-04-02: 1 (1/0) 
2012-04-04: 8 (4/4) 
 
Final Configuration: Clock, Energy Graph (Consumption), Energy 
Graph (Consumption, Production), Weather 
Figure 36: Dashboard use by participant over the trial period 
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6.5.1 Configurability and Use Patterns 
When talking about combining different streams of information on a single 
display, all participants noted that they liked the concept of an interface they 
composed. They also could see the potential use for the system, both for 
themselves, and in general. When talking about social features of the Dashboard, 
Participant J noted that they did not participate in social media due to privacy 
concerns. Participant M noted that they preferred to visit the respective websites 
as they offer more features. Several participants noted a lack of options within the 
prototype and offered feedback on what widgets they would like to see in the 
future. These considerations were taken forward into E3 – the second Dashboard 
deployment (chapter 7). 
 
Participants almost exclusively used the Dashboard whilst at home, choosing to 
take a look during their spare time. Their primary motivation for checking the 
dashboard related to their wish to review their energy consumption, or in one 
case, to look at comics. This reflects the fact that overall interest in the widgets 
offered by the dashboard was limited, meaning that the focus of the activities to be 
conducted were restricted.  
6.5.2 Feedback Methods and Diversity  
All participants could see the potential of the Dashboard but stated that they felt it 
was lacking the range of widgets they would like to trial. Of the five participants, 
four found the energy monitoring widget the most useful, closely followed by the 
weather widget. The slideshow widget was implemented with photos in mind. 
However, as something of an extra, a data stream with web-comics was created to 
provide some entertaining content.  
 
Feedback about the energy monitoring feature relayed the fact that the displayed 
graph offered what was already available on the CurrentCost website. It was also 
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noted that the feedback given was hard to explore, as the graph was not 
interactive in the ways participants sought. An interaction sought by the users that 
was not available, was a value for what was currently being consumed, along with 
a graph with an adjustable timescale (thus providing a zoom function). One 
participant appreciated the fact that on the website the graph showed exact values 
for the electricity consumed at a given time when the mouse was moved over the 
line depicting electricity consumption.  
 
In addition, the need for goal setting was raised, where a participant sought a 
gauge to detail more historical trends, but also to select a consumption target for 
the day. This comment supported the themes present in Abrahamse et al. (2007). 
As such, goal setting for energy consumption across multiple views was added to 
the Dashboard for E3.  
 
One participant had photovoltaic cells mounted on their roof. They were 
impressed with the ability to have two graphs, one for electricity consumption and 
one for production. The Dashboard became their primary and preferred method 
for checking this information, at a high level, defaulting to the website for more 
detailed interrogation.  
6.5.3 Impact, Learning and Education 
The participants did not find that the dashboard aided them in making additional 
energy savings or that it taught them more about their consumption. The 
reasoning behind this was linked to the fact that participants already had an in-
home display and access to the website providing a similar graph. Each was 
already taking action on their energy consumption. 
 
Participants were able to sketch their energy usage on a typical day when asked 
during the post study interview, depicting major spikes in their day due to 
breakfast, dinner and watching television. Two of the participants were able to 
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reproduce extremely detailed sketches of their daily usage citing numerous figures 
whilst sketching. Similarly, when asked for a daily estimate, participants 
volunteered figures reflecting normal weekday usage.  
6.5.4 Feature Set and Usability 
Participants noted that there was a learning curve when working with the 
Dashboard. Participants felt that they were not given enough instructions and 
guidance. Eventually, however, they became comfortable, despite having to 
familiarise themselves with the functionality (in particular the interaction 
between the website and application). They frequently expressed a desire to have 
all functionality integrated in the application.  
 
The feedback on usability led me to examine how participants interacted with the 
Dashboard. Asking them during the interview to role-play, showing or teaching 
me how to create and add a widget to the Dashboard. While the role of the 
website and the application were clear, the transition between the two, to conduct 
activities, was considered at times unintuitive. Overall, however, when asked 
about the ease or difficulty of conducting a particular task, such as logging in or 
adding and removing streams, participants found most of these easy. A clear 
recommendation here is to adjust the methods for creating widgets to make them 
easier based upon feedback from participants. 
 
All participants expressed a desire to interact with the widgets. This was especially 
popular in the case of the energy graph. Participants most often requested the 
ability to scroll through the history of their energy use and select certain sections 
for detailed analysis. Users liked the direct manipulation (positioning, moving, 
arranging widgets) using touch input on the iPad. However, some of the touch 
gestures were considered unintuitive. Scaling widgets was not always considered 
intuitive; participants had varying expectations for how the content should scale 
despite the standard scaling gestures for iPad being employed. Another similar 
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comment related to the need to constrain or restrict the aspect ratios of particular 
widgets.  
 
Summarising the most requested improvements are as follows: 
 Interactive energy graph (select ranges, allow scrolling through history, 
display actual values at selected points on graph); 
 Deeper analysis features (compare energy consumption/production at 
different time intervals, the ability to zoom); 
 Visual interface for connecting and composing streams or widgets (building 
blocks, connectors); 
 More widget configuration options (text/sticky note styles, adaptive font 
sizes based on widget size); 
 Quicker start up, stored login details for automated access. 
 
Based on participant responses to questions relating to the most useful features 
included in the dashboard the results are: 
 Energy graph and weather widgets (easy access to that information, 
exploring relationship between weather and energy use); 
 Positioning, moving, arranging widgets (generally happy with user 
experience on iPad); 
 Potential for competition, voyeurism (share energy streams with others); 
 Visualizations (liked visual representations). 
 
The least useful features were: 
 Configuration, learning effort; 
 Reading comics on the slideshow widget; 
 Loading times and the need to login each time the Dashboard is started; 
 Lack of options, and overall widgets choices; 
 Wireless network or 3G connection required for use. 
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The most desired new widgets were: 
 An RSS feed stream for items such as news, classifieds, and jobs; 
 A to-do list with the ability to tick off items completed; 
 A calendar function integrating with existing services; 
 Access to email; 
 CO2-Emissions/PV-Output by state/country; 
 Energy consumption summary (kWh). 
6.6 Discussion 
Studies E1 and E2 address a gap in knowledge relating to targeted resource 
consumption feedback provided on mobile devices employing persuasive designs. 
They also address the two parts of RQ2. The findings demonstrate that while the 
persuasive methods present in EnergyWiz and the Dashboard are appreciated, 
issues remain that hinder both engagement and reduced energy consumption.  
 
In drawing together the mixed findings of E1 and E2, and comparing them to the 
successful deployment in P2, four themes emerge:  
 
1. Participants see the relevance and function of the persuasive feedback 
methods applied in E1 and E2, but do not make changes to their behaviour 
that result in an overall reduction in energy consumption. 
The evidence supporting the feedback methods applied in E1 and E2 comes not 
only from my own work in P1 and P2, but also from literature (i.e. Cialdini, 2003; 
Froehlich et al., 2010; W. Schultz et al., 2007). Clarity is now required to provide 
more accurate definition of the concomitant features required to increase 
participant engagement.  
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2. Participants did not view EnergyWiz, or The Dashboard, as educational 
tools to help them reduce their energy consumption. User composition of 
interfaces targeting reduced energy consumption requires further 
investigation in E3. Participant expectations as co-creators of content vary 
widely.  
The positioning of EnergyWiz and the Dashboard as educational means represents 
a source of tension within my research, in that the aims of the prototypes and the 
education of participants are somewhat divergent. On the one hand, my intent is 
to explore persuasive methods to prolong participant engagement, but on the 
other hand the scoping of this research restricts the depth to which the research 
prototypes can educate. The prototypes are by their very function educative, but 
the larger issue here is that the increase of participant awareness through engaging 
with quantitative self-assessment, leads to a desire for more detailed and 
functional information. Without such information, participants find their interest 
waning, as the patterns offered by the prototypes is similar due to their repetitive 
behavioural patterns. Drawing on research by Toscos, Connelly, and Rogers 
(2012), this argument is rationalised in the health domain, where the technologies 
used to self-monitor create tensions between family members, and the researchers 
seek to develop tools that reduce this discord. Within E3, interviews should 
question participants about self-sustaining behaviours, rather than pushing for a 
continuing stream of increasingly specific methods to persuade. 
  
3. The type of engagement sought for E1 and E2 did not result in reduced 
energy consumption. 
Even while participants were initially using the prototypes developed in E1 and 
E2, their overall energy consumption, reported and observed did not decline 
significantly. Participant selection for E2 was predicated on developing an issue 
register and usability improvements from participants so their selection as subject 
matter experts impacted their potential to improve their behaviours and reduce 
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their already low energy use. E1, however, selected students who had varying 
levels of low energy use behaviours and experience with energy monitoring. The 
interviews show that the engagement with participants was marred by the 
technical failings of the technical architecture, in that they exhibited the desired 
behaviour (e.g. turning off appliances) but where then unable to check the 
resultant decrease in energy. The inability to assess their impact represented the 
most likely reason for participants not reducing their energy consumption 
behaviour. The technical architecture required to provide real-time feedback to 
participants is a developing and challenging area for researchers. Achieving 
bespoke solutions is vital in providing feedback applicable to participants as they 
take action and change their behaviour. 
 
4. Energy as a resource consumed in homes is difficult for participants to 
visualise and link to major activities. Goal setting is a feature participants 
require to help them self-assess.  
As Fitzpatrick and Smith (2009) highlight, the consumption of energy is a largely 
invisible practice that participants do not readily link to their behaviours. When 
participants are shown their energy consumption without direct feedback on what 
energy consuming devices are linked to their behaviour, it is difficult to establish 
what behaviour modification (or action) should be taken. Beyond this, without a 
clear vision of what reduced energy consumption is amenable to their lifestyles, 
participants have no clear goal to reach. Understandably, a goal of zero energy use 
is unrealistic, but what intermediate and appropriate goals a participant sets, 
remain to be explored in E3, along with what compromises to lifestyle they are 
willing to undertake and sustain.  
 
Revisiting RQ2, the findings of E1 and E2 clarify which elements of the persuasive 
designs participants feel are useful in reducing energy consumption, but neither 
study established reduced resource consumption in participants. The Dashboard 
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showed that, while further refinement and testing are required, participants as co-
creators of content they deem useful is an important avenue to explore in E3. This 
theme becomes more prevalent as participant learning plateaus, they enter 
maintenance mode, and their expectations and desire for iterative improvement 
become increasingly specific. It also remains to be explored with non-expert users 
in E3 whether the Dashboard delivers upon the premise that by involving 
participants in the creation of content, and displaying more than energy feedback, 
they would be more likely to make use of the information and continue 
interacting with it.  
6.7 Limitations 
One participant noted that it was somewhat artificial to be issued with an iPad 
that was not their own. This is an experimental limitation for this deployment and 
was addressed in E3 by ensuring that participants had their own iPads to 
participate. In contrast to this, participants thought that the iPad or tablet 
computer was an acceptable device for this style of interface, noting that a phone 
would also be ideal for some of the information, but rather restricted due to the 
smaller screen size. 
 
The EnergyWiz deployment in Lancaster faced significant issues despite an 
optimal technical setup. Data was refreshed once every 12 hours, the study was 
conducted as part of a semester that had a three-week break during the study, and 
households had up to 12 members. Although the impact of these three factors 
limited the results gathered as part of the Lancaster study, the research experience 
was valuable as a pilot to prepare for and inform studies E2 and E3. What this 
study highlights is the relevance of real-time feedback when providing this type of 
feedback via mobile devices. As is detailed above, necessary changes were 
addressed in E2. 
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6.8 Summary 
Both E1 and E2 gathered important findings to progress my research agenda, and 
while neither was as successful as P2, they satisfied parts of my research questions, 
and furthered my understanding going into E3. What was most intriguing about 
E1 was the finding that participants were able to make EnergyWiz their main 
source of feedback for monitoring their energy consumption. E2 similarly received 
positive feedback of this kind, even as participants reported that they did not 
believe they had necessarily reduced their energy consumption throughout the 
deployment.  
 
Heading into E3, it was clear that the Dashboard required significant revision 
prior to deployment, but could offer further insight into the function and 
potential of configurable interfaces for domestic monitoring energy consumption. 
While EnergyWiz was not trialled again as part of my research, a variant was 
trialled in Germany (see Petkov, Goswami, Köbler, and Krcmar (2012)), seeking 
insight into which feedback methods most suited participants; the findings of this 
study were canvassed as part of the preparation for E3. 
 
Lastly, E1 and E2 showed that the methods applied yielded sufficient qualitative 
data, to report upon the experiences and perceptions of participants. What could 
be further improved was capturing of whereabouts in the transtheoretical 
behaviour change model participants were at the commencement of deployments. 
As E2 showed, this information was highly relevant, helping to understand 
participant behaviour patterns, energy consumption awareness, and their 
perceptions. A design intervention targeting participants with little or no 
experience, would not likely provide what an experienced participant would 
desire or quickly expect. This is a significant insight when considering the 
deployment of over 200,000 energy monitors of a single type for the entirety of 
the total Climate Smart Home Service.  
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7 Study E3: Long Term Impact of Real-Time Electricity 
Monitoring Interfaces 
Preamble 
The final case study – labelled E3 – is a longitudinal case study examining individual 
energy use in domestic environments in the greater Brisbane area. 40 participants from 
32 homes were involved; the main group was interviewed three times (day one, month 
one, month three) about their experiences using a real-time energy monitor and 
associated web services. Another socially-linked participant group used the real-time 
energy monitors for 18 months and was interviewed at the end of the engagement in 
the same fashion (month 15, 16, and 18). Employing a small group for the longer term 
was a pragmatic implementation given the complexity of managing a large participant 
group over 18 months as a single researcher. As part of this case study, homes with 
solar panels (photovoltaic cells) are included, and the iterated Dashboard from E2 was 
redeployed (15 participants, 10 homes).  
 
E3 drew together the insights of the prior studies (P1, P2, E1, E2,) by testing the 
Dashboard in a second deployment, and also investigating the aspects of RQ1 and RQ2 
that research prototypes were not ideal, or integral, for. A suitably mature commercial 
energy monitor was employed to further investigate the following themes: 
 Learning and awareness of energy consumption (Darby, 2006; Fitzpatrick & 
Smith, 2009); 
 Engagement patterns and knowledge diffusion (Froehlich et al., 2010); 
 Lifestyle and goal setting (Abrahamse et al., 2005; Strengers, 2008); 
 Investment and expertise (Keirstead, 2005). 
 
E3 follows a qualitative approach using quasi-statistics (Maxwell, 2005) and considered 
the individual as the unit of analysis. The methodology employed follows the same 
pattern as the prior studies, although the individual activities within the study were 
refined based on the findings and lessons learnt in the prior studies.  
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The findings of E3 help to answer RQ2 and are illustrative of the diverse nature of 
behaviour present within a population, and their varied consumption habits. 
Addressing RQ1 participants with social ties were engaged after 18 months with 
sustained reductions in energy consumption, whereas other participants did not remain 
engaged past the first month, or reported strong interest but little action. The findings 
are both novel and useful to inform policy, alas troubling, given the state of current 
commercial energy monitors.  
 
Relevant publications 
Filonik, D., Medland, R., Foth, M., & Rittenbruch, M. (2013, Apr 3-5). A Customisable 
Dashboard Display for Environmental Performance Visualisations. Paper presented at 
Persuasive 2013, Sydney, Australia. http://eprints.qut.edu.au/56544/ 
 
Foth, M., Medland, R., Filonik, D., Petkov, P., Scott, I., & Rittenbruch, M. (2012). 
Domestic energy monitoring in Victorian households with PV solar installations: 
feasibility report for GV Community Energy. Queensland University of Technology, 
Brisbane, QLD. http://eprints.qut.edu.au/53206/ 
 
E3 was designed to address RQ1 in a similar fashion to P2, investigating the long-
term reduction in energy consumption and participant engagement. E3 likewise 
answered aspects of RQ2 in testing the iterated Dashboard, and qualitatively 
exploring the themes common to participants undertaking the study. E3 involved 
significant collaboration to secure the hardware required to make it possible to 
provide the desired energy monitoring services to participants. As a project 
management task, organising and facilitating the involvement of 32 households 
over 18 months for research represented a significant risk to the scoping of the 
research expectations of my PhD. As a direct result, a small group of participants 
were engaged in early 2011 using equipment purchased from a UK based energy 
monitoring manufacturer using existing research funds. This group of socially-
linked individuals was either in the contemplation or action phases of the 
transtheoretical model of behaviour change. This approach provided a novel and 
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more achievable method to study long-term participant engagement, and a more 
manageable, but larger, group of participants to flesh out the initial three to four 
months of engagement. 
 
This method allowed me to gather data on the full spectrum of participant 
engagement, from month 1 to 18, whilst keeping the scope of the required 
workload feasible.  
 
In E1 and E2, I explored methods for persuading participants using different 
research prototypes, drawing on the findings of both my own and prior research. 
In E3, in order to properly address RQ2, I needed to develop a clear understanding 
of the individuals that were involved in the Climate Smart Home Service program 
– the largest deployment of real-time energy monitoring equipment to homes that 
Queensland had ever undertaken. Essentially, if my prototypes were unable to 
assist participants to reduce their consumption, what barriers existed? Conversely, 
if factors other than, or surrounding, the energy monitors deployed, did help 
participants to decrease their energy consumption over longer time periods, what 
were they, and how were they linked to the persuasive designs? These questions 
needed to be answered in a context where the Queensland State Government had 
rolled out over 200,000 free real-time energy monitors between 2008 and 2012 
("An Important Announcement from the ClimateSmart Home Service," 2012).  
 
When E3 was undertaken, authors such as Pierce et al. (2010) and Darby (2010) 
had begun to question the methods used to evaluate the deployment of energy 
monitors. Citing that studies often delivered relatively diffuse findings without 
actionable or specific modifications to behaviour that participants had made as a 
result. The authors also criticised effectiveness as a metric for measuring the 
relative success or failure of a deployment, as by taking this position, the implicit 
assumption is that energy monitors can be effective. As a direct result of these 
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criticisms, E3 aimed to deliver a list of common, specific behaviours that 
participants modified as a result of their engagement. Furthermore, E3 did not 
employ effectiveness as the key metric of evaluating success or failure, but rather 
answer the aspects of RQ2, which did not necessitate research prototypes (see four 
themes below).  
 
As mentioned previously, research prototypes are not integral to the investigation 
of participant engagement with their energy monitoring. E1 and E2 both saw 
participants offering strong usability critiques that represent a shortcoming of the 
designs and a barrier to engagement. In order to alleviate this risk, a commercial 
and mature product was sought and deployed, as reported by Foth, M., Medland, 
R., Filonik, D., Petkov, P., Scott, I., & Rittenbruch, M. (2012). 
 
This approach implies that participants once engaged will remain so, potentially 
superseding their use or need for research prototypes deployed. The commercial 
offering was employed primarily to investigate the factors defined in Table 29 - 
Table 32 below.  
 
#1: Participant learning and awareness of energy consumption 
Guiding questions 
 What are the main learning outcomes common across all participants facilitated by 
these devices?  
 For those joining my study with prior experience: how does the prior experience 
impact upon their engagement? 
Table 29: E3 Theme One 
By cataloguing the actions participants took while learning about their energy 
consumption, commonalities in how the deployed energy monitoring equipment 
is used, or appropriated, were discovered. With this information, future 
deployments are better positioned to firstly set goals for participants, and 
secondly, fit goals to their current knowledge.  
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One consideration when building experiences with a persuasive design is that 
prior learning can influence future interactions (Darby, 2006). E1 found that 
different levels of participant prior knowledge impacted upon engagement and 
perceived usefulness of the persuasive technology. Participants involved in E3, 
while purposefully selected, could not be assumed to have the same level of 
energy monitoring education and awareness. In addition, it is well documented 
that engagement with energy monitors declines over time (Darby, 2001, 2006, 
2010), and a temporary novelty effect is often present (Froehlich et al., 2009).  
 
Fitzpatrick and Smith (2009) write about the invisibility of energy use in daily life, 
and how actions are not linked to an awareness of energy consumption, but rather 
an activity. Investigating how this perception of energy changes over time is an 
important consideration in E3. Additionally, the position of energy monitoring 
equipment can decrease the visibility of feedback, or appear intrusive.  
 
#2: Participant engagement and diffusion of knowledge 
Guiding questions 
 What aspects of participant lifestyles hinder their continued attention to reducing their 
energy consumption? 
 How do participants share knowledge, and do they do so willingly or does it represent 
an opportunity cost? 
Table 30: E3 Theme Two 
Within every household there are roles and responsibilities each with differing 
priorities. As a result, participant engagement might also vary due to changes in 
their living situation. The value of this information helps to understand where 
attention should be directed for these individuals, and also how new modes of 
interaction might be supported through persuasive designs (Shen, Chen, & Jeng, 
2013).  
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Investigating whether participants derive status through sharing knowledge, or 
conversely hording knowledge, and when, represents a novel pathway for this 
research to explore.  
 
#3: Participant lifestyle and goal setting 
Guiding questions 
 What lifestyle concessions are participants making as part of their efforts to reduce 
their energy consumption, and what commonalities exist across participants? 
 What goals are participants setting that impact their lifestyles in order to reduce their 
energy consumption? 
Table 31: E3 Theme Three 
Getting to zero, as an energy reduction goal is unrealistic in domestic 
environments. The lifestyle concessions to reach zero energy dictate that standby 
power is not an option, and as a result appliances like a fridge are not feasible. 
Helping individuals to set realistic goals in line with their willingness to make 
lifestyle concessions is an area where the progress in behaviour change is 
debatable. People are more likely to adjust their technologies around the home 
than their behaviour, and are also more likely to explore avenues of behaviour 
change that do not impact upon comfort norms (i.e. opening a window versus 
turning on an air conditioner on a hot day) (Strengers, 2008, 2011). Additionally, 
investigating how to approach a participant if they set unrealistic or unsustainable 
goals, what type of alternate goals are set in realisation, or rebound effect takes 
place, are all important avenues for future research.  
 
#4: Participant investment and expertise 
Guiding questions 
 In what ways does participant energy related infrastructure impact upon perception of 
reducing their energy consumption?  
 How does expertise impact participant energy consumption decisions? 
Table 32: E3 Theme Four 
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Investing in technologies that either limit the amount of energy consumed or 
alternatively produce energy, is a significant step for an individual to take, and 
dictates that the individual has already reached the action stage of the 
transtheoretical model of behaviour. A unique contribution of this study is the 
inclusion and investigation of the factors that are of specific relevance to 
participants with solar panels. In exploring the expertise and investments made by 
participants, E3 tests the underlying assumption that these devices in fact have an 
effect on the overall consumption of individuals.  
 
Discovering the answers to these questions is critical in understanding where to 
deliver services to individuals in the future, as prior experiences form part of their 
beliefs and perceptions towards energy monitoring. These are also questions 
where deployments of research prototypes shorter than E3 would not suffice.  
 
Table 33 below summarises the main sections of this chapter for quick navigation. 
Chapter Section Description 
Pg. 200 A discussion of the methods specific to this study and the 
reasoning behind the structure and analysis conducted.  Methodology 
Pg. 203 A detailed discussion of the iteration of the Dashboard, 
and the recruitment, installation, and interview process 
for the greater Brisbane energy study.  
E3 - Data Collection 
Discussion  
Pg. 221 A discussion of the major themes of the research relating 
to the themes and guiding questions discussed above.  E3 - Results  
Pg. 236 A review and evaluation of the results of E3, considering 
first the relative success of the Dashboard, and 
subsequently drawing together the findings of E1 and E2 
to inform the final conclusions of E3.  
Discussion 
Pg. 242 
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Limitations A frank discussion of the sources of potential bias within 
the study and the shortcomings of the research methods 
applied given the scope of enquiry. 
Table 33: E3 Chapter Layout 
7.1 Methodology 
E3 was a qualitative longitudinal case study, and sought rich first-hand accounts 
from participants and an appreciation of their domestic environment. E3 is 
fundamentally a study of three parts: 
 A longitudinal study of domestic energy monitoring and energy 
consumption by individuals in the greater Brisbane area; 
 A deployment environment for the iterated Dashboard developed as part of 
E2; 
 A study answering the questions (derived from the four themes above), 
which are not ideally, answered using original research prototypes.  
The longitudinal study takes place over 18 months, with the majority of the 
participants taking part for three to four months. The rationale is a pragmatic one, 
as involving 40 participants for 18 months is a non-trivial project management 
task, and a real scope risk as a single researcher. The methodology attempts to 
reach both sets of issues pragmatically, addressing the key questions around 
participant engagement at either end of their experience. As Maxwell (2005) 
points out that there is not a “cookbook” for qualitative methods applied to a 
particular piece of research, and that it almost always depends on the particular 
context of the research to be conducted. In this case, in order to achieve some 
generalizability across the different sites, individuals, and persuasive technology 
deployed, E3 should be moderately structured (Maxwell, 2005) if it is to answer 
the questions posed across the four themes explained above. As such, multiple 
touch points were set up for participants (in addition to those used previously in 
P1-2, E1-2) to submit different forms of data and evidence, which could be used to 
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build up a clear picture of their perceptions of energy consumption and 
monitoring. The new methods employed were: an energy behaviour inventory, 
questionnaires (Yin, 1994), photographic evidence (ibid), and impromptu 
feedback. The practical application of these methods is further discussed in detail 
as part of the data collection discussion below. 
 
The persuasive design solution chosen for E3 was the CurrentCost Envi-R energy 
monitor and Ethernet Bridge. This package provided a physical real-time energy 
monitor (Figure 37 right), which was installed in participant homes, along with a 
web service (Figure 37 left) to view usage in more detail. These energy monitors 
were installed on day one in each household and remained for the study’s 
duration. 
 
Figure 37: (Right) Current Cost Envi-R & (Left) Energy Consumption Including PV Solar 
As E3 also tested the iterated Dashboard, after one month 15 participants from 10 
homes were selected to trial the iterated Dashboard resulting from E2 (participants 
were eligible if they had an iPad which they used regularly). This necessitated the 
application of similar pre-structuring and data gathering methods to those used in 
E2. Data collection was part qualitative (three rounds of interviews) and part 
quantitative (real-time data collection from installed electricity monitors). Data 
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analysis was primarily qualitative (thematic analysis), as quantitative data did not 
yield new insights. Using these methods participants were able to describe, in 
detail, the aspects of their interactions with the Dashboard, their observations of 
usage patterns and adjustments to their routines.  
 
The rationale behind introducing the Dashboard after one month in E3 relates to 
the growing amount of experience in using energy monitors that participants 
gained. This was also a concession to the possible novelty effect (Darby, 2006), as 
if participants were given the Dashboard at the outset of E3 the novelty of 
monitoring their energy consumption may well have impacted overall interest, as 
compared with introducing the Dashboard after one month when the novelty 
effect should have minimal impact.  
 
By structuring interviews over three months, covering the first three months of a 
participant’s interaction with a new energy monitor, and the final three months 
(within an 18 month period), I am able to gather a large amount of evidence about 
the function of energy monitors in homes and the perceptions held by 
participants. This structure also addresses field criticism (see Darby, 2006, 2010, 
Pierce et. al. 2010, Brynjarsdottir et. al. 2012) by examining longitudinally the 
mechanisms participants employ as part of longer term sustained engagement with 
their energy consumption.  
 
Table 34 below elaborates on the general structure applied to E3.  
Timeline Activity 
Day one – initial visit  Ethical clearance and research participation 
 Install CurrentCost energy monitor and 
associated equipment 
 Check: CSHS, PV solar, or iPad present 
 Collect demographic data 
 Conduct first interview and supply tracking link 
 Initial energy behaviour inventory 
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Month one – second visit 
(no iPad) 
 Address participant concerns if any 
 Conduct second interview  
 Take photos of monitor position 
 (if PV) Install CurrentCost PV solar monitor 
Month one – second visit 
(iPad) 
 Address participant concerns if any 
 Conduct second interview  
 Take photos of monitor position 
 (if PV) Install CurrentCost PV solar monitor 
 Deploy The Dashboard and questionnaire 
Month three – final visit 
(no iPad) 
 Conduct final interview 
 Reclaim materials (if requested, otherwise gift) 
 Close engagement 
Table 34: E3 Methods Structure  
7.2 Data Collection Discussion 
Table 35 depicts the overall data pool of E3 gathered from 2009 to 2012. 
Major Activities Timeline Date 
Green heart fair: 12 surveys on energy attitudes  November 2009 
11 CSHS phone interviews (testimonials) June – July 2010 
7 six-month expert/novice reviews June – October 2010 
154 CurrentCost eligibility surveys October – December 2010 
32 homes with CurrentCost monitors November 2010 – February 
2011 
32 demographic data surveys November 2010 – February 
2011 
32 installation interviews November 2010 – February 
2011 
22 bit.ly usage trackers provided November 2010 – February 
2011 
32 Month one interviews January – March 2012 
15 energy use inventories gathered March – April 2012 
32 Month three interviews February – May 2012 
Monitor positioning photos March – May 2012 
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Table 35: Joint Energy User Study Data Pool 
Throughout this research I have struggled to discover bespoke solutions to both 
monitoring home energy consumption and also autonomously transmitting that 
data to a suitably open or accessible intermediary. My persuasive technologies 
require access to the real-time data recorded by the monitors but cannot source it 
from the devices themselves. Appendix A discusses in detail the rationale behind 
the choice of energy monitor, whereas Table 36 below shows the final selection of 
CurrentCost.  
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Clasp        
LED sensor      x   
CT clamp x x  x x x x 
Socket based   x     
Transmitter        
443MHz transmission band x x  x x x x 
Configurable transmit rate    x   x 
Transmit rate (seconds) 5  5-30  1-5  3-18  3-12 3-12 3-18 
Transmit signal strength avg poor good poor good good avg 
Receiver        
Provides display x x web x x x web 
Mono-LED x       
Monochrome LCD  x  x x   
Colour LCD      x  
Temperature monitor   x  x x x  
Extensibility        
Data stored on receiver x x  x x x x 
PC connection supported x o  x   x 
Inoperable if connected (PC) x x  x    
PC software provided x o o x web x x 
Internet connectivity     x x x 
Manual data upload available x    x   
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Automated data upload      x x x 
Twitter capable   x  x  x 
Mobile applications available  x   x x X 
Table 36: Energy Monitor Evaluation 
7.2.1 Experiment Setting 
 
Figure 38: Brisbane Energy Study – Month Variation Due to Participant Availability 
Figure 38 depicts the flow of E3, which was undertaken in the greater Brisbane 
area, with participants sourced via a survey of 154 individuals. Each participant 
volunteered their time and agreed for their home to be used as the research site. 
The differences in location meant that while the units of analysis (individuals and 
domestic environments) remained the same, each home was different.  
 
For each participant the installation process differed. Each home had a different 
layout for their electrical infrastructure. This meant that often the installations 
could not be completed. Beyond this, participant homes often had their Internet 
access router relegated to a spot that provided relatively poor visibility of the 
energy monitor that was connected via an Ethernet bridge.  
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The majority of participant households were in share accommodation with up to 
six young adults in one house. The next most prevalent category was couples, 
followed closely by families with young children. No single person households 
were included in the study (though installation were attempted and unsuccessful 
due to old and crowded switchboards at two locations). 
7.2.2 Software Development 
E2 yielded a wealth of data from which adjustments to the Dashboard were made, 
including the look and feel of the application, along with an expansion of the 
existing widgets available for participants. Beyond this, several usability issues 
were addressed. Below is a summary of the E2 feedback and how it was addressed 
for deployment in E3. 
 
 Interactive energy graph (select ranges, allow scrolling through history) 
As widgets are not interactive (architectural constraint), a historical range of data 
was made available in the widget configuration options. The data was then 
overlayed (Figure 39) on the line graph depicting solar production. Customisable 
colours for the different graphs were also added to help participants determine 
different sources.  
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Figure 39: Advanced configuration for the Dashboard 
 Deeper analysis features (compare energy consumption / production at 
different time intervals, the ability to zoom) 
Alternative views for energy production (via PV solar) and consumption were 
provided. These included a daily goal feature (the large green bar in Figure 39), 
where participants could select a target for the day, noting the progress towards 
the goal over time. Alternatively, a spark graph was prepared displaying energy 
data in a different format (the three small graphs in the bottom right of Figure 39).  
 More widget configuration options (adaptive font sizes based on widget 
size) 
Font sizes were rescaled as the widget changed sizes, up to a maximum standard 
font size. In addition, a feature was added to provide feedback to the user of when 
a widget was updating information.  
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To address other concerns about the difficulty in configuring the Dashboard, an 
improved user guide was prepared focusing on a step-by-step how-to for preparing 
and adding widgets.  
 
In response to feedback requesting further widget diversity, new widgets 
requested by participants were added.  
 RSS widget - participants could load in any of their regular websites 
providing the feature and have their latest additions displayed. This feature 
can be seen below in Figure 40 on the bottom left.  
 Email widget – seen in the middle of Figure 40.  
 Calendar widget – linked to Exchange and Google calendars.  
 Slideshow widget – modified to allow the user to adjust the time between 
transitions.  
 
Figure 40: Dashboard setup displaying information from the RSS feature 
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7.2.3 Participants 
Participants were sourced from the greater Brisbane area, seeking households 
representing differing demographics found in the community, particularly those 
with an interest in the environment. The reasoning for selecting those interested 
in the environment, was simply that moving an individual from pre-
contemplation to contemplation in the transtheoretical model of behaviour, was 
an area of education where direct intervention (i.e. deploying energy monitors) 
may not be the most appropriate method of reaching an individual.  
 
40 participants were chosen from 32 households. These households were drawn 
from 154 responses to an environmental attitudes survey deployed via Facebook. 
The participants ranged from age 23-52. The breakdown of living situation is 
shown below in Table 37. Please note that there were two instances where couples 
were living with others, and these have been placed in both categories.  
Share accommodation 20 
Couples 8 
Families 6 
Table 37: E3 Participant Breakdown 
7.2.4 Questionnaires and Tracking Links 
As part of the initial consent to participate in the research, a questionnaire was 
issued to gather demographic information. The questionnaire gathered 
information about the household, their appliances, and experience with energy 
monitors. Questions like: “Have you had the CSHS installed?” were asked, and 
followed by “When was the last time you used your energy monitor?” These types 
of questions helped to understand whether the participant had disengaged, or 
whether they had moved into a maintenance mode (He et al., 2009) or not.  
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In 2011, some participants had also filled out the Green heart fair survey 
(developed in 2009 as part of my initial data gathering efforts) gathering similar 
demographic information as well as screening for potential participation. 
Questions like: “Do you have a permanent Internet connection?”; “Do you have a 
smart phone or tablet?”, and “Have you had the Climate Smart Home Service?” 
were asked. Participants were, in part, selected on the basis of these criteria, as 
without a permanent Internet connection the interventions I wished to conduct 
were impossible.  
 
Participants were issued with a tracking link (bit.ly link) for their use of the 
CurrentCost website, counting how many visits the participant household 
undertook, at what times. Some participants supplied with bit.ly links found that 
they often forgot to use the link instead of typing the CurrentCost URL. This was 
despite the bit.ly link being made a favourite and labelled in their browsers. This 
necessitated taking estimates of CurrentCost website use from individuals as part 
of interview two. 
7.2.5 Photo Evidence 
Participants were asked to take photos of the positioning of their energy monitors 
within their homes. These photos were sought from two perspectives, one near 
and one far. The near photo was to show the immediate surroundings of the 
monitor and how clearly the monitor was displayed. The far photo was to position 
the monitor within the room. Figure 41-Figure 45 below show the near and far 
view of the monitor and installation location.  
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Figure 41: Near & Far Photo of CurrentCost Monitor Family #1  
 
Figure 42: Near & Far Photos of CurrentCost Monitor Couple #3 
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Figure 43: Near & Far Photos of CurrentCost Monitor Family #4 
 
Figure 44: Near & Far Photos of CurrentCost Monitor Family #5 
 
Figure 45: Near & Far Photos of CurrentCost Monitor Couple #6 
What becomes clear from these photos is that their positions in the households 
are, for the most part, out of sight and in positions with low foot traffic. This 
resulted from the requirement of a direct connection to the household’s Internet 
access router. This theme is discussed below as part of the findings for E3.  
7.2.6 Behaviour Change Inventory 
Participants were asked during the study to prepare an inventory of the behaviour 
changes as a result of having the energy monitor. To facilitate this, private Google 
documents were shared with each participant household. Four columns were 
provided, asking what behaviour they had prior to the energy monitor, how these 
behaviours changed, what the change achieved, and what device or technology 
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might have changed as a result. Figure 46 and Figure 47 show the inventory as 
completed by participant 3 from the 18-month study. 
 
 
Figure 46: Living Sustainably Spreadsheet – Part 1 
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Figure 47: Living Sustainably Spreadsheet - Part 2 
As is discussed below in the results section, this inventory stems in part from an 
initiative taken by one participant who associated themselves with a group of 
excellence (Kerr & Tindale, 2004). This inventory also helped create a common 
base of behaviours that participants thought had changed, drawing out if the cited 
changes match with the hypothesis put forward by Strengers (2008), that 
participants are more likely to change their technology than their behaviours in 
order to lower their energy consumption. This approach was highlighted in 
research by Mankoff (2003), and stipulated as a future requirement for studies 
investigating energy monitoring in homes by Pierce (2010). It also reflects the 
growing movement to approach providing feedback to individuals on their energy 
consumption to take into account what is possible for them to reduce and what is 
impractical given their context (Strengers, 2011). 
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7.2.7 Undirected Impromptu Feedback 
During the study – thanks to the interest of a select group of participants, 
impromptu feedback was received at regular intervals, particularly from the group 
of individuals participating in the longitudinal 18-month study. This feedback was 
encouraged and wherever possible, the conversation was continued via the 
medium chosen by the participant (usually email or face-to-face). This feedback 
was helpful for providing insights into the day-to-day interactions of the 
participants with the energy monitors, and also the goals being set, realised, or 
modified. 
7.2.8 Interviews 
Three data collection interviews were held at day one, month one and month 
three. Once energy monitors were installed (usually day one), automated 
empirical electricity consumption data collection began, and continued 
throughout the study. Participants took part in three one-on-one interviews in 
2011 and 2012. Each interview was recorded and semi-structured, with open 
questions, along with yes and no questions. In addition to this, for some questions 
a 5-point Likert scale was used to rate agreement or disagreement.  
 
Interview One 
For the first interview, if participants were participating along with their partner 
or flatmate, interviews were carried out together. This related to questions 
targeting general, and overlapping information, about the household such as: “Do 
you use energy efficient light bulbs?” This introduced a bias in responses to some 
questions due to the presence of the other participant and dominating 
personalities, but often aided in discussion, drawing out the structure or logic 
behind particular answers. One excellent example were a couple in their 50’s who 
when their opinions on a topic differed, immediately discussed their reasoning 
and eventually saw each other’s point of view.  
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In addition to my own question base, questions drawn from an existing survey 
assessment of the CSHS by the DERM were included. These questions applied the 
5-point Likert scale to between 500 and 1000 respondents, and allowed me to 
assess how the participants fit the results provided as part of the DERM survey 
summary.  
 
Additionally, the environmental awareness of participants was classified during 
the first interview. This was done by having them answering five keywords - 
nuclear power plants, reclaimed water, global warming, Kyoto accords, emissions 
trading scheme - associated with environmental awareness tested on a 5-point 
Likert scale. The keywords were drawn from a larger study of 1849 people (S. 
Medland et al., (forthcoming)) applying a modified version of the Wilson and 
Patterson (1970) conservatism scale to, in part, determine environmental attitudes. 
If the responses of a participant placed them above the mean, data shows they 
exhibit high environmental awareness.  
 
The second and final interviews were conducted individually, though topics were 
often discussed afterwards with all participants together. The first interview lasted 
for between 7 and 25 minutes. The second and final interviews were longer lasting 
for between 25 and 37 minutes. Interviews were recorded and later relevant 
excerpts were transcribed, seeking to develop an inventory of pertinent comments 
and for further thematic analysis. 
 
Interview Two 
Interview two occurred just prior to the participants using the Dashboard, if they 
were selected. 
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The second interview focused on building a clearer picture of the participant 
interactions with the CurrentCost energy monitor and web features over the first 
month. The first question of the interview aimed for high face validity, asking: 
“What impact, if any, do you think the energy monitor has?” Follow up questions 
were asked based on the response. Participants were then asked questions based 
on whether they were first time users, that is, they had not previously had an 
energy monitor in their home, or had experience with energy monitors. If 
participants were first time users, questions were asked to elicit the methods that 
the individual used to guide their initial interactions with the energy monitors. 
Thereafter the participants were asked to describe a step-by-step process for other 
new users for interacting with energy monitors. 
For first-time users: I want you to think back to your first interactions with the device when we 
installed it.  
- Can you explain to me the steps you went through in gathering information about what 
was using electricity in your (attempt to give relevant context): kitchen, study, lounge 
room?  
- Do you feel as though you could teach the process to others?  
- Yes: What do you think is the most natural way to teach this to others? What 
methods/how would you use to teach them? For example, would you get them to do it 
for themselves?  
 
Following this, participants were asked to describe efforts they had made to 
reduce their energy consumption. With follow up questions targeting which 
actions specifically had changed in line with the recommendations put forward by 
Pierce et al. (2010), and also which behaviours the participant specifically 
attributed their reduced energy consumption to.  
Describe the efforts you made? 
 Lighting/cooking/cleaning specific 
 What changes have you made based upon the feedback delivered by the energy 
monitor? 
 Do you recognise having made any behavioural changes? Such as switching off lights. 
 I am looking to understand specifically what behaviours account for your reduction in 
energy use. 
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Participants were then asked a range of questions about their use of the different 
features of the energy monitors including the website, and their frequency of 
visits. Wherever possible at this stage of the interview, anecdotes were sought 
from the participant as a way of building a picture of how their interactions 
occurred on a regular basis. This line of questioning was followed by a further 
examination of CurrentCost website use, if any, seeking any definitive opinions on 
the structure or feedback offered by the website.  
 
The final sections of interview two were concerned firstly, with discovering if the 
participants felt it was their responsibility to moderate the energy use of their 
dwelling, and secondly, whether the participant had played energy detective or 
hunted phantom power. For these questions, the concepts were explained to avoid 
misunderstanding. Energy detective or phantom power hunting was defined as 
tracking down what appliances or devices are using power actively, or looking to 
discover mysterious consumers of power around the home. The final section of the 
study queried participants on their engagement with different forms of social 
media, and whether they felt comfortable sharing their energy data with 
strangers, friends, or those they knew through social media, and why.  
 
Interview Three  
Interview three was conducted with all participants, but was different for those 
participants who had trialled either of the persuasive technologies. For those that 
did not, a more standard interview focusing on expanding the discussion from 
interview two was conducted.  
 
The post-study interviews and question base for the sections concerning the 
Dashboard were similar to E2. Overlapping data for the same questions with 
different participants would help to assess the relative success or failure of the 
changes made to the research prototypes. Where the question based varied, the 
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changes related to the improvements and changes made to The Dashboard, or 
where a question was not eliciting sufficient information.  
 
For interview three, where participants were using the Dashboard, questions were 
added to address the motivations of the individuals to make use of the social 
widgets and features.  
 
Once the assessment of the applications concluded, the interview proceeded to 
review the persuasive affordances of the existing CurrentCost interfaces. This line 
of questioning addressed the inherent assumption that these interfaces are 
effective at conveying energy consumption data to help individuals reduce their 
overall consumption.  
 
This interview also asked questions taken from the prior interview questionnaires 
looking for changes in the responses indicating a change in opinion or attitude to 
energy consumption. Other questions were asked about the positioning of the 
energy monitor within the home.  
 
With reference to the behaviour models that I applied taken from studies by 
Froehlich et al. (2010) and He et al. (2009), I also included questions looking for 
relapse into prior behaviour patterns, or maintenance behaviours for reducing 
energy consumption.  
7.2.9 Dashboard Focus Group 
At the conclusion of the iterated Dashboard deployment, a focus group was held 
with socially linked participants. The rationale here was to delve into the social 
features of the Dashboard that were not well explored during the expert user 
review. Six participants were selected for a two hour focus group in line with the 
advice of Griffin and Hauser (1993) who argue for focus groups of at least five 
participants to gather 80% of relevant information. Initial questions focused on 
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getting responses from each participant on their own experiences, each answering 
in turn. Thereafter a few open questions were asked, and discussion facilitated as 
much as possible. To aid the discussion, participants were also offered paper, pens, 
a whiteboard, and other materials, plus interface print outs for the Dashboard 
(Figure 48). 
 
Figure 48: Focus Group Outputs 
In addition to this focus group, the quantitative data provided by the Dashboard 
was analysed for patterns of use (see Figure 49), revealing morning and evening 
spikes.  
 
Figure 49: Dashboard usage over the course of the day (coloured by user) 
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7.3 Results  
The presentation of the results of Study E3 are followed by an in-depth discussion, 
analysing their significance within the four themes and eight questions asked at 
the beginning of this chapter.  
7.3.1 Energy Behaviour Findings 
In framing these findings, I have separated them into two categories: the 18-
month engagement, and the three-month engagement. This separation recognises 
the differences in the data collection methods, and the intent of the engagement. 
Whereas the three month study looked at commonalities across participants, and 
the localised change in behaviours, for the 18-month engagement participants 
were universally in a maintenance and performance behaviour mode, and their 
progression to this point was of interest.  
 
18 month Engagement 
Regular contact was maintained with participants 1, 2, and 4. Participant 3 was 
only contacted for interviews. Participants 2, 3, and 4 were socially linked, as were 
participants 1, 2, and 3. Participant 1 acted largely independent of the other 
participants, whereas participant 2, 3, and 4 colluded regularly akin to a 
community of practice (Lave & Wenger, 1991; Wenger, 2000).  
Participant 1 – Family home (owned) 
9 members – 3 generations 
Issues relating to energy consumption 
High energy consumption 
Familial tension (disinterest in certain members) 
Slow to realise any change in household 
Strategies to lower energy consumption 
Negotiation with all parties 
Family head employed to enforce some behaviour  
Remote monitoring 
Conversion to solar power 
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Technology trade in 
Direct intervention – event based 
Table 38: Participant 1 Overview 
Participant 1 lived in a family home with nine people across three generations and 
high-energy consumption – up to 55kWh per day (see Table 38). In the months 
after the initial installation, the participant regularly queried me on a range of 
different issues they were troubleshooting regarding their energy consumption 
(email and face-to-face). Throughout their engagement, they moved in and out of 
maintenance mode after major goals were achieved. The most notable of these was 
the eventual adoption of solar panels. The eventual average consumption for the 
home at the end of E3 was between 23kWh and 33kWh per day.  
 
Within the home, two of the family members were disinterested in their energy 
consumption, and at times actively engaged in wasting energy in protest of the 
efforts and pressure applied to reduce energy consumption made by others in the 
household. A commonly cited example was the use of three plasma televisions 
throughout the house at the same time. There were also two young children in the 
household, which due to their age were ostensibly removed from the discussions 
of energy consumption. 
 
Participant 1 attempted to negotiate with family members, and raise the topic of 
energy consumption frequently. Eventually the family head was swayed by the 
cause, and engaged in setting a benchmark for the family. At this point, a process 
of technology trade-in began to take place, with the replacement of obvious 
energy wasters (such as plasma televisions). After these initial forays, future goals 
were set, but due to costs were not able to be realised for six months. During this 
period, participant 1 entered a maintenance state, continuing to regularly chat 
about energy consumption, but not engaging in further behaviour modifications.  
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When solar panels were purchased for the home, participant 1 moved once again 
to an action state, and began to monitor the solar panels for their output, as well as 
the electricity usage during the day in an attempt to minimise the use. Participant 
1 eventually expressed a realisation that the gains that had been made were 
acceptable, and further changes would impact lifestyle in an unsustainable 
fashion. At this point, the action phase moved to performing and maintenance 
phase, where participant 1 remained until their inclusion in the iterated 
Dashboard study.  
 
Participant 1 made very regular (more than once daily) almost exclusive use of the 
remote monitoring capabilities of the CurrentCost energy monitor even when in 
maintenance mode. Participant 1 reported that for the most part, they kept the 
monitoring window open on their computer at all times, refreshing it 
intermittently. At times when the patterns were off, they made direct 
interventions via text message or phone call to ask family members to check 
particular appliances. This behaviour became more prevalent after solar panels 
were installed.  
Participant 2 – Couple (owned) 
2 members  
Issues relating to energy consumption 
Ambitious goal setting 
Appliances with very high energy consumption 
Strategies to lower energy consumption 
Conversion to solar power 
Technology trade in 
Appliance level monitoring 
Elimination of standby power 
Lifestyle concessions 
Table 39: Participant 2 Overview 
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Participant 2 had previously received the CSHS and was acutely interested in 
monitoring their energy consumption (see Table 39). Prior to the engagement, 
participant 2 had installed solar panels and wanted to see financial gain from the 
investment. As a result, participant 2 set ambitious goals for their energy 
consumption, attempting to lower their use at home, and particularly when away 
from home as much as possible. During this period, and throughout the 18 
months, participant 2 maintained their chosen behaviours, and remained engaged 
for long periods, maintaining logs of their energy consumption for comparison 
over time.  
 
Participant 2 also had one appliance that was capable of consuming up to 6kWh in 
a single use, and as a result, they moderated their behaviour such that this activity 
would not adversely affect the payments they received for generating excess 
electricity during the day that was being fed back into the grid. The financial 
imperative set by this individual was an overriding reason for their continued 
concern. The initial motivation to engage with their energy consumption and 
invest in solar panels, however, stemmed from a larger goal of living a more 
environmentally sustainable lifestyle.  
 
The studious nature, with which participant 2 maintained and tracked their 
energy consumption down to the individual appliance, represented a significant 
investment in time. Participant 2 cited numerous examples of their methods for 
tracking down what was using power, and when. These systematic approaches 
were not an affordance originally envisaged by the energy monitors, as they do 
not provide individual appliance level monitoring. The entire process is derived 
and original to the individual. This process is common among all participants and 
an interesting natural result of providing an energy monitor, which while not 
capable directly of providing the data desired, can be appropriated to serve the 
purpose of the individual.  
 226 
 
Participant 2 was socially linked with participant 3 and 4. Through this social 
connection, these participants shared a wide variety of information, regularly 
updating and quizzing each other, to the point where competition was a lively 
topic over many months.  
Participant 3 – share house/Couple (renting) 
2-3 members  
Issues relating to energy consumption 
Ducted air conditioning 
Limited control over standby power 
Strategies to lower energy consumption 
Technology trade in 
Appliance level monitoring 
Remote monitoring 
Elimination of standby power 
Lifestyle concessions 
Table 40: Participant 3 Overview 
I only met Participant 3 during interviews and had no other contact during the 
engagement. This method helped to ensure, that while I had regular contact with 
participants 1, 2, and 4, I effectively had a participant operating beyond the 
influence of the researcher. Participant 3 lived in a rental property with 
significant energy consumption via services that were largely beyond their control 
(see Table 40). Participant 3 cited ducted air conditioning and electric stovetop 
and oven as their main concerns. Over the course of their engagement, participant 
3 reported that he replaced much of their technology in an effort to live a more 
sustainable lifestyle. For participant 3, the imperative expressed was not one of 
cost, but a reasoned choice to consume less energy. Reflecting this, they chose to 
offset their power to 100% renewable (at an additional cost charged by their 
utilities company), replaced all their light bulbs, television, fridge, and other 
appliances. 
 227 
 
Participant 3, like participant 4, attempted unsustainable lifestyle concessions in 
order to lower their standby power. The original goal stated by the participant was 
to reach zero energy consumption when they walked out the door. As a result, for 
two weeks participant 3 went to great lengths to ensure there was no standby 
power left on in the house, and lower use by inflexible appliances, such as the 
fridge. The greatest concessions were the fish tank, outdoor sensor light, and the 
automatic garage door opener. By switching off these two services, the participant 
was first forced to open their house using a torch to see, switch the garage door 
opener on, then open the garage and drive their car in, and switching the garage 
door opener off once again. The fish survived, but this type of lifestyle concession, 
while resulting in an out-of-the-house power consumption of 140W, 
demonstrated perfectly the unsustainable nature of this type of behaviour 
modification. Participant 3 also exemplifies the difficulty in setting realistic goals, 
and perceptions about what is an appropriate level of energy consumption.  
 
Participant 4 – Single/Couple (owned) 
1-2 members  
Issues relating to energy consumption 
Apartment complex – limited control over complex wide resource use 
Electrical faults in utilities 
Strategies to lower energy consumption 
Technology trade in 
Appliance level monitoring 
Elimination of standby power 
Remote monitoring 
Solar power 
Solar hot water 
Table 41: Participant 4 Overview 
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Participant 4 competed with participant 2 as their living situations were similar, 
and they were socially linked, regularly meeting one another. Participant 4 
expressed a strong desire to live a sustainable lifestyle, and installed not only solar 
power but solar hot water, too (see Table 41). Participant 4 was also a keen 
observer of their energy consumption to determine whether their appliances were 
functioning properly. Through conference with participant 2, they eventually 
realised that despite the solar hot water panels being installed, their electric hot 
water booster came on far too often – even on sunny days. Further investigation 
with the help of a plumber eventually found a broken water pump inside the hot 
water system – a fault that would have not been easily identifiable without access 
to real-time electricity consumption data. This type of problem solving behaviour 
through monitoring malfunctioning appliances was a common theme throughout 
E3.  
 
Participant 4 was also a proponent of remote monitoring of their home while at 
work, keeping track of power spikes and attempting to identify their cause over 
time. This type of behaviour maintained their problem solving interest, and was 
aided by a shared catalogue of energy consumers developed and maintained in 
tandem with participants 2 and 3. This inventory allowed the participants to 
readily identify differences across their appliances for the same purpose (i.e. 
comparing fridges or televisions and their consumption). This inventory also 
helped participant 3 to identify areas of energy consumption where they could 
make large gains by changing their technology.  
 
This group of excellence still represents the lowest standby energy consumption of 
all households involved in E3. Participant 2 managed to have less than 50 watts 
being consumed when they left for work. This group of participants went to great 
lengths to lower their energy consumption, and have maintained their reductions 
throughout their engagement.  
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This group brought to the fore the importance of lifestyle. These individuals were 
willing to not only adapt their technologies to suit a more sustainable lifestyle as 
suggested by Strengers (2008), but were also willing to make changes to their 
behaviour over a long period of time to reduce their overall consumption. While 
two of the group had solar panels, one did not, and the participant without solar 
panels displayed the greatest overall reduction in terms of targeting energy 
consuming behaviours and lowering standby power.  
 
Lifestyle was referred to by most participants during interview two as a reason for 
deciding that particular behaviours would not change, even if those behaviours 
consumed large amounts of energy. This finding aligns with the research of 
Strengers (2011), as participants set their own realistic targets despite misgivings. 
The prior paper case study P1 also found that participants regarded their 
behaviour as necessary given their context, even though when accurate feedback 
was provided, a continued trend of reductions in their consumption was achieved 
for months thereafter. 
 
3 Month Engagement 
In response to the environmental awareness measure taken in interview one, all 
participants were either environmentally aware or highly environmentally aware. 
Participants who had the CSHS also were above the mean on the five-point Likert 
scale when asked questions taken from the DERM study (see Appendix E).  
 
CurrentCost Web Service 
While some participants engaged well with the website, using it as their default 
method for checking their energy consumption or production during the day, 
others did not. For those that did not, their non-use (Satchell & Dourish, 2009b) 
related often to their general knowledge of IT, or their lifestyle and perception of 
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what they used the internet for. The preferences of the individual in this case 
overrode more advanced web based feature set. It also showed that while this type 
of feedback was compelling and relevant to some, others did not find the use of a 
website appropriate or necessary.  
 
Further to this, all participants who had solar panels made use of the CurrentCost 
web service regularly, using it more than five times daily in their first month. The 
primary motivation provided by these participants was the affordances of the 
time-series graph feedback provided. This style of data was not readily available 
elsewhere, as the Envi-R monitor displays only current production for the solar 
inverter when connected. Additionally, the participants expressed concerns about 
their investment in the renewable technology, though only one participant 
identified the choice with financial benefit to the exclusion of environmental 
sustainability. Checking on solar panel product was frequent enough to be 
considered part of a routine, with participants reporting that they wanted to check 
that energy was being produced, and at an expected rate. One participant 
explained, “If a solar panel gets dirty or has leaves or something covering it, 
production drops drastically.” This style of feedback is immediately obvious using 
the time-series graph, whereas without this feedback it is difficult to gauge. 
 
It is interesting to note that the attention these participants gave to their solar 
panels and the amount of energy produced did not always carry over to their 
regular energy consumption. This was the case for one household with children 
where the study participant noted their children (below the age of 10) would 
regularly leave on appliances, such as televisions, and it was too much effort to 
have them change this behaviour. This difficulty was attributed to their youth, 
rather than a deficit in the children’s knowledge.  
 
Behaviour Inventory 
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The findings of the behaviour change inventory I collected show that participants 
reported a similar range of beginning behaviour changes. The most prominent of 
these included an increased attention to switching off light bulbs or replacing 
them with low-watt halogens, as well as attention to when high consumption 
appliances such as television and air conditioners were turned on. This inventory 
supported the findings of Mankoff (2003), and provides a short-list of quick 
behaviour changes that an individual can attempt when first engaging with an 
energy monitor.  
 
Prior Learning 
Engagement of those participants who had previous experience with the CSHS 
often reported that the CurrentCost energy monitor fulfilled the same role as their 
past CSHS monitors. The participants also did not use the CurrentCost web portal. 
This finding points to an existing view of the role of energy monitors in the home. 
The novelty of the new energy monitor is no longer present when one had already 
been introduced by the CSHS, or is much shorter. When questioned about their 
lack of involvement with the new energy monitor, participants spoke about their 
already advanced knowledge of appliances that were consuming energy and how 
to reduce their consumption. One participant felt that as the CurrentCost display 
unit did not offer more fine grained data (i.e. room or power point level 
monitoring), there was no more they could learn from the device. 
 
For participants who did not previously have the CSHS, an initial learning period 
took place when they first interacted with the energy monitor. A range of 
emotions was expressed including excitement, confusion, disbelief, and curiosity. 
As one participant put it, during this learning period a “feedback loop” was 
created. This feedback loop allowed the participant to gather a large amount of 
information about their consumption patterns by turning appliances off and on, 
unplugging devices from power points, and trialling different methods for 
 232 
lowering their consumption. After a period of time, however, this style of learning 
quickly plateaued, with the participants realising that their consumption pattern 
was similar and that they had identified the major sources of consumption. At this 
point some participants reported disengaging with their energy monitor, glancing 
at it less and less frequently. This notion of a learning plateau followed by 
disengagement is supported by Darby (2010), when she reported on the factors 
that led to engagement, or the lack thereof, with energy monitors in homes. This 
is evidence of participants moving into a maintenance mode, where they may 
have taken no action to reduce their energy consumption, but may be more aware 
of how they are consuming energy.  
 
The point at which an individual considers that they have made enough changes 
in their lifestyle to reduce their energy consumption is flexible, especially where 
comfort norms are concerned. Participants were willing to use air conditioners to 
ensure they had good sleep, but were likewise willing to sweat during the day 
instead of turning on the air conditioner.  
7.3.2 Device Location Findings 
When installing CurrentCost monitors, less than ideal positioning for the display 
units were encountered. The worst of these was an unused office in a six-bedroom 
share house, where participants only visited to ensure the monitor was still 
present. For this household, the Ethernet Bridge was abandoned for a fortnight 
and the display unit was moved to the kitchen in an attempt to increase 
engagement. Participants noted an increase in their attention to the monitor and 
the effects of their behaviours in the kitchen, but did not use the CurrentCost web 
based features.  
 
The tethering of the CurrentCost display unit to a cord is a restrictive element and 
should be moved to a wireless solution. Participants reported that at times they 
wished to be able to pick the device up and carry it around whilst checking the 
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consumption of appliances. Further, the additional tethering of the Ethernet 
Bridge unit to the monitor means that the display unit is often in a less than 
optimal setting due to the fairly regular and isolated positioning of modems and 
routers. The photos gathered (Figure 41 - Figure 45) demonstrate that in a number 
of cases the monitor is in a position where it is not visible from outside a particular 
office or study, and it is rarely located in the kitchen or other high traffic areas. 
These areas were reported as being the most relevant by participants, often due to 
their previous experience with the CSHS energy monitor that does not offer the 
option of an Internet up-link via an Ethernet bridge. 
7.4 Dashboard Results and Discussion 
This discussion is conducted separately to address the aspects unique to the 
research prototype developed in E2 and iterated in E3. While the findings of the 
Dashboard deployment influence the overall findings of E3, they are considered 
here first to provide specific guidance for RQ2 and persuasive designs. These 
findings are entirely my work and were contributed to a co-authored 2013 
publication (Filonik et al., 2013). 
7.4.1 Social Ties and Voyeurism 
During the focus group, it became clear that while participants showed preference 
for different Dashboard widgets, the overriding element that helped to persuade 
some to remain engaged was the ability to share and compare energy 
consumption. This theme featured prominently throughout the focus group and is 
exemplified by the following statement by Ronaldo (names have been replaced 
throughout), “I did notice an uptake in using the Dashboard once I had Fernando 
and Paolo on there as well. Once I was able to overlay my consumption with 
theirs, because that’s the only app where I can do that, I kind of checked on that 
more often.” Ronaldo is talking about a change made to the energy monitoring 
widget based upon feedback in E2, where friends can overlay each other’s colour-
coded energy consumption in a single graph. 
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Another theme that emerged was the feeling of voyeurism that Fernando 
commented upon, jokingly stating that he felt the desire to “obscure” his energy 
consumption, knowing that Ronaldo was watching. Fernando then commented on 
Paolo’s energy consumption stating, “Paolo you can tell when [housemate 1 and 2] 
get home, at 6pm onwards, there’s a spike.” Zinedine stated, “Maybe you could see 
OK, there’s a party going on in Fernando’s house or something and then follow 
up.” This theme supports previous research publicly exposing energy 
consumption (Moere et al., 2011), and offers a persuasive method for engaging 
participants in the future. The underlying message here was one of comparison 
with those participants who shared social ties (Ek & Svaderholm, 2010). For 
example, Ronaldo benchmarking his already low energy use with Fernando and 
Paolo. The ability to compare or play energy voyeur represent real avenues for 
motivating energy conservation. 
 
Speaking on this topic, Ronaldo related his own experience; the emergence of an 
informal group of three friends involved in curbing energy use when he became 
interested in lowering his energy consumption. The group achieved excellent 
results with all members lowering their energy consumption, eventually installing 
solar panels and hot water, trading knowledge and appliance usage patterns 
through collaborative documents. The group reached a maintenance mode after a 
period of months (He et al., 2009), where their collective learning plateaued and 
members, having made lifestyle concessions to consume less energy, felt that they 
had reached their goals. The group established a new norm for their energy 
consumption and behaviours through a learning process facilitated by engaging 
with socially linked individuals. Ronaldo’s knowledge sharing in the focus group 
was enabled by the Dashboard energy widget. The ability to compare real-time 
energy consumption data with friends over a period of time is a clear pathway for 
other persuasive tools (Foster, Lawson, Blythe, & Cairns, 2010; Strengers, 2011). 
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7.4.2 Data Stream Composition 
The notion of having a customisable Dashboard, and view multiple streams of 
information in one interface was regarded positively by the participants. Each 
participant adapted their Dashboard to their own interests, with Fernando 
displaying the densest Dashboard with RSS feeds (for daily deals and discounts), 
social media, local news, weather, and multiple energy widgets (both for 
consumption and photovoltaic production). Participants with solar panels 
exemplified the aspect of combining widgets to deduce useful information. 
Conscious of the return on their sustainable energy investment, these participants 
re-purposed the weather widget to both predict and deduce the reasons for 
differing levels of energy production displayed by the energy widget. 
 
During the focus group, Zinedine commented that the Dashboard would be more 
compelling if different feeds were shown at different times based upon his 
preferences. Fernando and the other participants agreed that they were seeing 
their energy consumption frequently by using the Dashboard, but were often just 
monitoring the pattern displayed on the energy graph. The experience of the 
participants meant for them that they were often displaying maintenance 
behaviour, noting “nothing was wrong” and then moving on. Echoing this 
comment, another participant mentioned in their final interview that a simple red 
light/green light would be helpful for providing feedback on “excessive” energy 
consumption. Future widgets should cater to this information seeking behaviour 
providing simple and at times ambient visual cues to facilitate maintenance 
behaviours for participants. 
 
Participants viewed displaying multiple configurable information sources on a 
single display as useful, though in certain cases they were unable to articulate how 
they would use such a tool on a day-to-day basis. This may represent a source of 
bias in their responses or familiarity with the interviewer. As this study is 
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positioned as exploratory and experimental the day-to-day use of the Dashboard 
was not applied as a metric of success or failure. 
7.4.3 Intrinsic Motivation 
When asked what their intent was when viewing the Dashboard, most 
participants stated that they went to look at the energy consumption widgets. This 
behaviour was especially prevalent on those with solar panels, which appear to be 
an indicator of energy consumption awareness. The desire to derive maximum 
value from previously unmonitored equipment was often the reasoning offered by 
participants. The budget widget with a configurable total was Zinedine’s favourite. 
The widget provides a column that fills as a target is reached, and was added based 
upon feedback in E2 on goal setting. Zinedine had put it to use as a way of 
tracking solar production commenting, “I’m trying to generate 10 kWh per day, so 
it just gives me a percentage of how much I’ve done.” The line of thought 
extended with Zinedine introducing the concept of cross-widget scripting, where 
if the budget target was reached the power might be shut off for his home or the 
lights might dim at 50%, acting as an alarm. This presents an interesting next step 
for this research considering widget mash-ups designed by users to suit their 
desires. In line with this suggestion, Zinedine stated that he would like to be seen 
as an author of content when another friend adopted one of his shared widgets on 
their Dashboard. This form of recognition was ideal for Zinedine as long as he was 
able to see how many people were using it. Applying this notion of participants 
deriving status from the creation and use of customised widgets by others is 
another avenue for future research. 
 
Participants were not readily able to assess a change in energy consumption after 
having used the Dashboard. This was often related to lifestyle norms (Strengers, 
2011), or for more experienced participants a sense that they were already 
informed about their energy consumption and had minimised their energy 
consumption. For experienced participants, the energy widgets did not represent 
 237 
value until the social comparison and budget features were provided. As was 
described previously, these helped experienced participants remain engaged, 
perform maintenance behaviours, benchmark their consumption, and caused 
serendipitous social interaction. 
7.5 Discussion 
This discussion focuses on the four themes discussed at the beginning of this 
chapter and the related questions. The overriding message of this discussion is that 
the situation a participant finds themselves in heavily influences their relative 
engagement or disengagement, and that there are various triggers to increase and 
decrease engagement Table 42 - Table 45 are included below for reference.  
 
#1: Participant learning and awareness of energy consumption 
Guiding questions 
 What are the main learning outcomes common across all participants facilitated by 
these devices?  
 For those joining my study with prior experience: how does the prior experience 
impact upon their engagement? 
Table 42: E3 Theme One 
Energy monitors raise awareness of specific modes of energy consumption, but do 
not directly cause participants to want to live more sustainably. The overall impact 
of individual appliances used in day-to-day living is quickly derived by 
participants, using a natural discovery process by appropriating the features 
available on this type of energy monitor, to calculate differences in kWh 
consumption. Energy monitors of this type do not provide appliance level 
monitoring that participants come to expect to continue their own learning. As 
participant learning plateaus, engagement decreases for individuals who are not 
strongly motivated by living more sustainably, or for whom the financial 
imperative is weak (i.e. no investment in sustainable technologies such as solar 
panels). Participants with a strong motivation to live sustainably, or with an 
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investment in sustainable technologies can be expected to remain engaged over 
longer time periods and sustain their behaviour changes.  
 
Depending on the interest in energy consumption (which stem from different 
motivations), participants will transition in and out of a maintenance mode and 
into an action mode numerous times as their situation changes. A common cause 
for entering an action mode is the replacement of a large energy consuming 
appliance, or investment in sustainable technologies. Participants are likely to 
adjust or replace the low-cost technologies around their homes that have more 
energy efficient alternatives first, and examine the larger appliances requiring 
significant investment only if they remain engaged over longer time periods. The 
exception is if participants perceive the change of technology impacts their 
lifestyle, at which point an opportunity cost evaluation takes place, where cost is 
often a low priority determinant. If a change in technology requires little up-front 
investment and impact to lifestyle is perceived as negligible, participants are likely 
to undertake it.  
 
The implication here is that energy monitors (like the CurrentCost), while 
providing function as an educative, awareness building tool, do not achieve their 
stated aim of lowering energy consumption per se when participants are not 
already motivated to live more sustainably. Further, the learning that participants 
undertake, and general educative effect of energy monitors, is at times not directly 
linked to lowering energy consumption. Participants consider it a fact finding 
activity, but are not willing to impact upon their lifestyle to save energy, and do 
not feel obliged to, just because they are more aware of what energy is being 
consumed. Participants who modify their lifestyle to lower their energy 
consumption do so for three, often linked, reasons: a financial imperative linked to 
an investment in sustainable living (such as solar panels), a desire to live more 
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sustainably, and a correction of wasteful practices with more appropriate 
behaviour.  
 
Prior experience with the CSHS impacted not only the likelihood of initial 
engagement with the energy monitor, but also invoked a direct comparison to 
what the participant had previous experienced. Shortcomings in the CurrentCost 
were quickly critiqued, and participants felt that the CSHS monitor was a superior 
product for deriving appliance instantaneous electricity usage as it was wireless. 
The only participants who made use of the CurrentCost having had the CSHS 
were those who made use of the web based features to track the energy 
production of their solar panels. The key determinant for participants who 
disengaged was that they desired appliance level monitoring (NB: individual 
appliance monitors have since been released for this product). The educative 
capacity of energy monitors that cannot provide appliance level monitoring is 
common across energy monitors, and is reflected in the findings of E2 and the E3 
deployment of the Dashboard. Participants stated that while they considered the 
Dashboard useful, they did not consider themselves to be more informed about 
their energy consumption, or to be saving more energy as a result of using the 
Dashboard.  
 
#2: Participant engagement and diffusion of knowledge 
Guiding questions 
 What aspects of participant lifestyles hinder their continued attention to reducing their 
energy consumption? 
 How do participants sharing knowledge, and do they do so willingly or does it 
represent and opportunity cost? 
Table 43: E3 Theme Two 
Participants with children, particularly parents with young children are likely to 
experience difficulty in maintaining their engagement even if they are motivated 
to live a more sustainable lifestyle or make an investment in sustainable 
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technology. However, some designs that specifically target children (such as 
Dillahunt et al. (2008)) may provide complementary interventions. 
 
Individuals living in large share houses where the direct impact of the individual 
is difficult to assess, due to relatively diffuse nature of the displayed consumption 
patterns are also likely candidates for disengagement. This theme was similarly 
found in E1 when deployed at Lancaster University.  
 
Participants who rent are likely to enter a maintenance mode more quickly than 
an engaged participant who owns their own home. This is related to individual 
versus third party control (Pierce et al., 2008) over the dwelling. This does not 
preclude engagement, particularly if the participant is already motivated to live a 
more sustainable lifestyle (as was the case with participant 3 from the 18-month 
study).  
 
As evidenced by the Dashboard focus group, and the community of practice that 
developed during the 18-month study, knowledge sharing occurs freely with little 
consideration of an opportunity cost. Knowledge hoarding (Kankanhalli et al., 
2005a) did not appear in E3 even though competition was present – this does not 
preclude it emerging, depending on the structure of the competition environment.  
 
#3: Participant lifestyle and goal setting 
Guiding questions 
 What lifestyle concessions are participants making as part of their efforts to reduce 
their energy consumption? 
 What goals are participants setting that impact their lifestyles in order to reduce their 
energy consumption? 
Table 44: E3 Theme Three 
A desire to live a more sustainable lifestyle and an investment in sustainable 
energy generation are the main reasons participants make changes to their energy 
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consumption. With these two key motivators in mind, the concessions 
participants make relate to their situation, perceived impact upon lifestyle, 
difficulty of the change, and investment required (if any). Commonalities across 
participants are already considered above in theme one; suffice to say if the 
concession is low-cost and low-impact (lifestyle), participants are likely to make 
the change. The likelihood increases further if the change does not require regular 
action - such as changing light bulbs. Participants with an investment in 
renewable energy such as solar panels are more likely to engage in specific 
concessions that others consider unsustainable.  
 
Goals set by participants were based around an overall consumption of energy per 
day (measured in kWh), and also artificially limiting their use of large energy 
consuming appliances. Participants are also likely to try and decrease standby 
power and out-the-door power, particularly if they have solar panels. In answer to 
the question, “As a home owner/renter: do you feel it’s your responsibility to 
manage how much power the house uses?” in interview two, participants 
responded that they felt responsible, regardless of status as a renter or homeowner. 
As such, it is understandable that goals of this nature did not relate to whether a 
participant rented or owned their home. However, tenants are less able to 
undertake major changes such as solar without the landlord’s approval or 
investment. 
 
Additionally, noting the transition of several participants towards renewable 
energy production, if a participant is already motivated to live more sustainably, 
goals may relate to technology replacement and consideration of solar panels as an 
investment.  
 
#4: Participant investment and expertise 
Guiding questions 
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 In what ways do participant energy related infrastructure impact upon their perception 
of reducing their energy consumption?  
 How does expertise impact participant energy consumption decisions? 
Table 45: E3 Theme Four 
Investments in renewable energy production made participants more conscious of 
their electricity consumption, particularly during the day if they were not at 
home. During these periods, participants went to great lengths to minimise their 
energy consumption across their entire home, ensuring that only the required 
appliances remained on (usually the fridge). Energy tariffs and water heating are 
also likely to be addressed by these participants as their expertise grows. Only one 
participant involved in the study was driven by the financial benefits of renewable 
energy primarily (installing and managing 5kW solar panels on two houses, 
neither of which he lived in).  
 
As expertise grows, so too does the desire for accurate measurement of the energy 
consumption of particular appliances. Five participants went so far as to purchase 
their own individual power point energy monitors to gather accurate information. 
 
Likewise, participants, particularly regarding the energy use of light bulbs after 
they had been replaced, adopted a nonchalant attitude. This finding was replicated 
in a study of households in Europe (Ek & Svaderholm, 2010), and shows that when 
the perceived financial saving is negligible and the effort required to maintain the 
behaviour is prominent, the change is considered unsustainable by the participant.  
 
Expertise with energy monitors such as the CSHS and CurrentCost present a dead-
end for these devices as methods for encouraging sustainable lifestyles. At some 
point during their engagement (usually by month two), all participants superseded 
the information that was easily attainable by the energy monitors given their 
display of grouped energy output. The energy consumption patterns participants 
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were seeing each day, were similar, and monitoring them turned into a chore. At 
this point the desire for more granular information – which was not possible to 
derive from this type of energy monitor – was desired by some participants, and 
was one of the most commonly cited methods of improving energy monitors 
including E1 and E2. 
7.6 Limitations 
One of the great challenges with this study was installing the CurrentCost energy 
monitors. As part of Australian regulations, a qualified electrician is required to 
operate or install any equipment in the mains power cabinet. This hurdle meant 
that potential and often perfectly suitable participants we signed up were then 
subsequently removed from the study pool, as their installation was not possible. 
The installation of energy monitoring equipment, even with an electrician is not 
always possible simply because of the varied nature of the electricity metering 
equipment present in many older homes or apartments. As Figure 50 shows the 
wiring is simply too tightly packed, or unsafe to operate on when attaching the 
required clamp. The large clamps provided, preventing cabinets from closing, 
further exacerbate this problem. 
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Figure 50: Densely packed wiring of eliminated participant 
 
As a limiting factor to this research, the argument could be made that participants 
who disengaged in months 1-4, may have reengaged, were they involved for the 
full 18 months. 
 
CurrentCost equipment at times was frequently unreliable. The devices for some 
participants would frequently show up with “frozen” status, requiring a power 
cycle to reset them. While these problems were fairly minor throughout the 
study, a major issue was the replacement of firmware that was required for the 
monitors during phase one of this study. The firmware update required me to 
regather all of the CurrentCost Ethernet bridges and have them sent off to Perth 
for a period of eight weeks while they were updated. The update was to fix various 
problems including some relating to frozen monitor status.  
7.7 Summary 
This chapter presented the findings of E3 – a three part study considering:  
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 A longitudinal study of domestic energy monitoring and energy 
consumption by individuals in the greater Brisbane area. 
E3 showed that long-term engagement with these energy monitors is possible via 
a mix of collusion with socially linked others, and motivation to live a more 
sustainable lifestyle. Additionally, while the CurrentCost energy monitor acted as 
a conduit for lowering energy consumption by showing wasteful practices, it did 
not directly promote sustainable lifestyles in participants. The longitudinal study 
also showed the long-term impact of solar panels on the goals and behaviours 
maintained by participants, particularly standby and out-the-door power which 
directly impact the financial gains made from such investments.  
 A deployment environment for the iterated Dashboard developed as part of 
E2.  
The successful deployment of the iterated Dashboard, helped to understand more 
deeply the social aspects of domestic energy monitoring, and how persuasive 
designs and the concept of voyeurism might offer new insights. The deployment 
also demonstrates the importance of collaboration with socially linked individuals 
and the intrinsic motivation to share knowledge and expertise relating to energy 
consumption and living more sustainably. Lastly, the study emphasises the 
inherent interest by participants in their solar panel electricity generation.  
 A study answering the eight questions derived from the four themes, 
which are not ideally answered using original research prototypes.  
Across the four themes, it is possible to see the emergence of a strong set of 
common behaviours expressed by participants, depending on their propensity to 
live a sustainable lifestyle or their investment in renewable energy generation. 
Energy monitors such as the CurrentCost and CSHS emerge as educative tools, 
which raise awareness, or act as a conduit for promoting sustainable lifestyles, but 
only if the individual is already motivated to live such a lifestyle. Where this 
desire is not strong, or is absent, the individual is unlikely to take steps that impact 
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their lifestyle, instead engaging in behaviours which correlate strongly with those 
put forward with Strengers (2008, 2011).  
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8 Synthesis and Conclusion 
The aim of this chapter is twofold; firstly to provide a cross case discussion 
bringing the different parts of my empirical research together, secondly to 
conclude, and remark, upon the research journey. For each of the empirical 
chapters (Chapters 5, 6, 7), the findings are related back to the two research 
questions. This method combines the insights of each case, while providing space 
for hindsight and discussion of future research. The synthesis also helps to 
elaborate on several constructs that feature throughout the thesis, such as the 
dichotomy of paper and energy.  
 
My research informs the development of future generations of persuasive 
technologies helping individuals to reduce their resource consumption. My main 
contribution is in exploring, and furthering, our knowledge of how to provide 
feedback on resource consumption. This is an area of continuing research interest 
and importance, as well as an area of continued commercial investment (Figueres, 
2012). In support of this, by 2020 the European Union, as part of their single 
market electricity directive (2009/72/EC), has stated that 80% households will be 
equipped with smart meters. The two research questions directing my research 
align with these trends: 
 
RQ1: Over longer time periods do persuasive methods promote environmentally 
conscious behaviour?  
 
RQ2: What are persuasive designs that will effectively promote behavioural 
change towards lifestyles with reduced resource consumption? How can these 
designs be tailored to the needs and preferences of different people? 
 
In answer to these two questions, three case studies were conducted deploying 
three persuasive designs in the form of research prototypes. The results show that 
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not only are the feedback mechanisms valid in this domain, but also that over 
longer time periods, with the appropriate persuasive design, continuing 
involvement from the researcher is not required. The results also raise questions 
around the efficacy of currently deployed energy monitors in domestic 
environments, recognising their potential to educate, but not realising pro-
environmental behaviours.  
 
Table 46 below summarises the main sections of this chapter for quick navigation. 
 
Chapter Section Description 
Pg. 248 A synthesis of the empirical findings from different case 
studies conducted, with respect to RQ1 and RQ2.  Empirical Findings 
Pg. 253 A discussion of the contribution and implications of my 
research upon existing theories and understanding of 
resource consumption.  
Theoretical Implications  
Pg. 259 A review and evaluation of the implications for relevant 
policy, based upon the findings of my research and 
synthesis.  
Policy Implications 
Pg. 261 A recommendation for future direction in related work, 
along with my own future research plans, and a brief 
discussion of trends observed.  
Recommendations for 
future research 
Pg. 263 A frank discussion of the shortcomings and sources of 
potential bias present throughout the research.  Limitations of the study 
Pg. 265 An actual, and philosophical, end for the thesis. 
Summarising the research of the past three years, and a 
chance for suppositions and remarks. 
Conclusion 
Table 46: Synthesis & Conclusions Chapter Layout 
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8.1 Empirical Findings 
RQ1: Over longer time periods do persuasive methods promote environmentally 
conscious behaviour?  
 
The persuasive design developed in P1, and later deployed long-term in P2, 
confirmed that the methods specified in the literature, are valid and produce 
decreased resource consumption in individuals without researcher intervention. 
This decrease was sustained, and P2 saw an overall decrease of 28% in printed 
paper for the teams involved in the study, with some teams decreasing over 40%.  
 
The isolation of the research prototype from other means of promoting continued 
engagement by participants, show that the persuasive methods employed are 
effective. In my own research, this process established a key truth answering a 
number of field critiques (see Darby, 2006, 2010, Pierce et al. 2010) put forward 
questioning the application of the methods in previous research prototypes.  
 
Studies P1 and P2 addressed a gap in knowledge surrounding the efficacy of 
targeted feedback on resource consumption, and the need to better address 
individual preferences, motivations and beliefs through interfaces targeting 
reduction. The successful development and deployment of a persuasive design that 
promoted environmentally conscious behaviour in participants, without 
continued interaction with the researcher, was followed by studies E1-E3, 
building on this process. 
 
Study E3 demonstrated that while the feedback methods applied through the 
research prototypes in E1 and E2 are functional to participants in the energy 
domain (depending on their interest in living a more sustainable lifestyle,) in their 
absence, there is not necessarily a rebound to old behaviours. Likewise, E3 
revealed that it was entirely appropriate for participants in the longitudinal study 
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to move in and out of the maintenance phase. While the maintenance phase was 
indicative of disengagement, it did not correlate to a disregard for the energy 
saving behaviours in these individuals. The argument here is that sustainability is 
a complex issue, and by examining optimisations of particular metrics as the 
method of achieving sustainability, technology is incorrectly positioned as the 
“objective arbiter” (Brynjarsdottir et al., 2012). E3 showed that while technology 
had a place in determining the action set that a participant had access to in living 
more sustainably (e.g. the kettle uses this much power), it was not a determinant 
of their success or failure to lower their energy consumption, and thus live more 
sustainably. My research finds a concordance with Brynjarsdottir et al. (2012), in 
that the assumption that individuals are rational actors is incorrect. Far more 
indicative of this shift to lower energy consumption, in a sustained fashion, were 
social connections with known individuals, investment in renewable energy 
production, or an imperative to live more sustainably. These factors surrounding 
the individual influence them within a larger society; expanding the focus to 
include these considerations is crucial to achieve a proper understanding of what 
is causing an individual to engage, or disengage.  
 
As a tool, the energy monitors were useful in setting an initial benchmark in the 
mind of the individual for their energy consumption over different periods whilst 
undertaking certain tasks (Strengers, 2011). Continued attention did not correlate 
to continued reductions in energy consumption, however, rather a growing 
recognition of similar accepted, rationalised, energy consumption patterns 
(Woodruff et al., 2008). Hence positioning energy monitors as a tool to reduce 
energy consumption was not justified in E1, E2 or E3.  
 
More importance should be placed upon understanding where in the trans-
theoretical model of behaviour change an individual is currently situated, in order 
to properly address their expectations (He et al., 2009), and their milieu 
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(Brynjarsdottir et al., 2012). E1, E2, and E3 were all met with a similar issue where 
participant expectations had already superseded the capabilities of energy 
monitors (Woodruff et al., 2008). For these participants, reengaging with new 
energy monitors did not yield further insight into their energy consumption, and 
when asked to reflect, was clearly signalled as a rationale for their own 
disengagement. Participants who have previously engaged with energy monitors 
are likely to desire more granular data at an appliance level (Carrie, Gupta, 
Shrimali, & Albert, 2012), if they are not highly motivated to live more sustainable 
lifestyles, and are expected to maintain their engagement over longer time periods.  
 
For long-term behaviour change, social connection with known individuals (Ek & 
Svaderholm, 2010) who share the desire to live more sustainably (Dillahunt et al., 
2008) is enormously beneficial and potentially integral. Knowledge sharing is 
altruistic and a perceived form of status for the individual supplying their 
knowledge. This proposition is supported in an even more pronounced fashion for 
those with an investment in renewable energy.  
 
RQ2: What are persuasive designs that will effectively promote behavioural 
change towards lifestyles with reduced resource consumption? How can these 
designs be tailored to the needs and preferences of different people? 
 
The persuasive design produced in P1 and deployed in P2 showed that without 
researcher involvement, the research prototype was able to help participants 
reduce their resource consumption over longer time periods. Similarly, the 
findings of the longitudinal study within E3 show that engagement – while not 
the only metric for assessing the relative success or failure – can be maintained 
without researcher involvement.  
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E1 and E2 explored different implementations of the feedback methods used in P1 
and P2 in the energy domain. The findings showed that while the feedback 
methods were appreciated by participants, the prototypes did not promote further 
pro-environmental behaviour change in those that were already living 
environmentally sustainable lifestyles, or were not ready to live a more sustainable 
lifestyle. This is a significant finding, in that it reveals an often overlooked aspect 
of energy monitors – as educative and awareness raising apparatus they perform 
quite well, but are often not a catalyst for causing behaviour change towards more 
sustainable lifestyles. For individuals where financial motivators are not suitably 
persuasive, the increased awareness may likewise not translate into action 
(Brynjarsdottir et al., 2012), or can cause a disregard of the energy consumed (Ek 
& Svaderholm, 2010).  
 
For participants where there was a desire to live more sustainably, E1 and E2 
showed that energy monitors can act as a catalyst moving those in the 
contemplation mode to the action mode (He et al., 2009). The longitudinal 
element of E3 demonstrated this particularly clearly, with participants 1 and 3 
decreasing their energy consumption over time and sustaining these behaviour 
changes. Similarly, in P2 after the introduction of the persuasive design, teams 
decreased their paper consumption, and maintained the behaviour over the 
following months.  
 
What this demonstrates is firstly, that these persuasive designs are effective in 
promoting pro-environmental behaviour if the individual is not currently, but is 
motivated to, live a more sustainable lifestyle. Secondly, that persuasive designs 
are one part of the larger initiative in motivating individuals towards living more 
sustainably (Strengers, 2008, 2011). Tailoring the persuasive designs leaves 
individuals more aware of their resource consumption (Abrahamse et al., 2007) 
but does not necessarily translate into action or realisation of the appropriate pro-
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environmental behaviours. This theme is particularly prevalent if the individual 
has previously gone through a learning process with a real-time energy monitor 
and subsequently disengaged. In this case, tailoring energy monitors to the needs 
and preferences of individuals is a valuable, if unreliable, method of helping 
individuals realise more sustainable lifestyles (Abrahamse et al., 2007). Conversely, 
investment in renewable energy represents a choice to live more sustainably and 
relates to a financial imperative. Individuals who are already invested in 
renewable energy are likely to engage with their energy production feedback, and 
thus consumption. Thus, tailoring energy monitors to the needs and preferences of 
individuals is of most value to those already interested in living more sustainable 
lifestyles, or invested in energy generation.  
 
Summarising the feedback methods employed, we see the following hierarchy:  
 E1, E3, and P2 show that comparison with known others is a valuable 
feedback method for engaging individuals over longer periods, particularly 
when coupled with other forms of normative feedback (Cialdini, 2003; 
Cialdini et al., 1991). Persuasive designs targeting resource consumption 
should incorporate this element as an effective method for promoting 
participant engagement and pro-environmental behaviour.  
 Displaying alternative metrics for the resource consumed is also 
appreciated and functional, but may only offer an educative effect and may 
not promote pro-environmental behaviours.  
 Mobile devices are capable of replacing existing resource monitors as the 
primary method for interacting with energy when the above feedback 
methods are employed (see Chapter 5 – E1).  
 Configurable interface composition is appreciated by participants, in my 
implementation configurable interface composition did not translate to 
participants undertaking sustained pro-environmental behaviours.  
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 Voyeuristically observing the resource consumption of a known other 
using time-series data, can act as a catalyst for knowledge transfer between 
novices and experts, particularly in facilitated settings.  
8.2 Theoretical Implications 
The divergence in findings between paper and electricity is somewhat striking, as 
outlined in my theoretical framework, both resources were addressed using 
similar interfaces that are guided by the principles of sustainability and encourage 
pro-environmental behaviour. Participants in studies E1-E3 frequently lapsed into 
a maintenance mode after memorising the patterns in their energy consumption. 
The granularity of the data they received contributed to the divergence. This 
represents an interesting finding across the case studies, in that paper is a physical 
resource that is easy to touch and perceive. Making a quantifiable link between 
the paper and the original source – a tree, is not taxing. Energy, however, is 
ephemeral and invisible (Fitzpatrick & Smith, 2009). The conception of electricity 
transmission, and linking the use of a device back to a power plant is more 
difficult. 
 
Paper is also an item that operates at a different granularity. Paper is not passively 
consumed like energy, and when it is consumed, it is in contiguous units (i.e. 
sheets of paper). Energy is likewise expressed differently, as the result is associated 
with the task accomplished, such as boiling a kettle, the result is hot water, not 
energy. The level of specificity for providing feedback for paper is straightforward 
as it is consumed piece by piece; for energy – as consumption is continuous and 
often passive (due to background services) – the metric for conveying use is less 
clear and poorly understood by participants (Darby, 2006). This is an area where 
my theoretical framework offers little guidance, given that the work of Schultz et 
al. (2007) and Abrahamse et al. (2007) offer invaluable insights into the methods to 
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convey persuasive information that is perceived as useful, but not how to link the 
use of energy to an appliance when offering that same feedback. 
 
Interestingly, in P2 and E3, teams of individuals remained engaged throughout the 
studies, or alternatively maintained their reduced resource consumption. Teams 
have been frequently cited as a method to promote engagement (Schwartz & 
Zanna, 1992; Shaw, 1961; Siero et al., 1996; Winkler & Winett, 1982). Notably 
these teams performed well regardless of whether they were in an office or 
domestic environment.  
 
In P1 and P2 individual or third-party control (see Pierce, Odom, & Blevis, 2008) 
did not exert influence sufficient as to prevent a reduction in paper consumption. 
This effectively disproves the feeling of participants that (excepting accidents) all 
printing they conducted was necessary, a theme I presented in Medland (2010). 
The feedback applied to P2 was similar to the feedback applied in E1 and E2, but 
the results were strikingly different. What this and prior research (Bird & Rogers, 
2010; Froehlich et al., 2010; Pearce et al., 2009) shows is that the methods used to 
communicate the data influence participant engagement. Considering the most 
appropriate method for providing feedback, and aligning that to the research 
(applied in P1 and P2) is more functional than deciding on the technology first, 
and subsequently aligning the research (applied in E1, E2).  
 
P2 provided the delta in paper consumption weekly which proved functional 
given the rate of consumption, whereas E1 provided the delta over a 12 hour 
period and was considered inappropriate. Defining at what regularity data should 
be communicated to individuals is an often overlooked area, impacting perceived 
data value (Abrahamse et al., 2005) and scarcity, and varies from resource to 
resource. The theme identified by Abrahamse et al. (2005) however does not 
provide guidance on the differences in perceived appropriateness timeliness of 
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feedback. In P2 feedback was provided weekly, and the results showed a 
significant impact on printed paper for each team. In E1 however, 12 hourly 
feedback rendered it functionless to participants. The difference in the perceived 
use of the feedback is thus different in the eyes of the participant. In one instance 
the participant desires real-time feedback, in the other, a weekly update is 
sufficient.  
 
Using the insights of my theoretical framework, if we look at what is being asked 
of participants, the energy behaviour represents a modification of individual 
behaviours via real-time feedback at a per behaviour level, in the other instance, 
the participant is acting upon a desire to mitigate their printing towards a lower 
weekly goal. Participants in the latter instance are equipped to action their own 
behaviour change without further information, i.e. they can readily assess the 
volume of paper their actions consume. In the other instance participants require 
immediate feedback to interpret the impact of their actions on the energy being 
consumed. This divergence represents a significant finding not only for my own 
research, but indeed for other researchers attempting to cross-pollinate their own 
resource intervention by leveraging the findings of another. We can conclude in 
concordance with Fitzpatrick & Smith (2009), that participants are not able to 
readily assess their energy consumption due to the intangible nature of 
consumption, but further contribute that the information seeking behaviour of 
participants leads them to consult further information to assess their actions 
immediately. Further, the relevance and memorability of the information is 
significantly degraded if it is not available immediately. Information delay makes 
the intervention redundant, if the purpose is to offer this in-situ action-
information behaviour support. 
 
The way patterns in paper use emerge may also be far more sporadic given that the 
purpose is not personal some of the time, and part of a job role that may add a 
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suitable level of variety to the operation – enough to continue to have individuals 
move through the maintenance and other phases.  
 
I argue that it is natural and appropriate that participants engage and subsequently 
disengage with existing persuasive designs addressing resource consumption. The 
crux is that the information offered, and the relative value, decays over time 
(Rutley & Sarri, 2011); the patterns that emerge are simple to interpret and do not 
readily display the impact of minute to minute decisions after they are learned by 
participants. It is relatively simple to conclude that if the individual is able to 
understand the impact of their actions, they are then entirely able to take action in 
accordance with their existing attitudes and behaviours. There is very little cause 
for them to ever re-examine their actions, at this point, and their behaviour is 
unlikely to change without further intervention. We can see that the style of 
feedback provided in P2 thus becomes more relevant to the participant, as they are 
equipped to assess their actions through a lens of achieving a goal or goals, rather 
than action-information decision support. At this point the individual may enter a 
maintenance mode and revisit their behaviours if an anomaly is observed. If an 
individual is then operating below the norm, their continuing engagement may 
not prove fruitful (Rutley & Sarri, 2011). Referencing the participants of E3 that 
remained engaged long-term, we can see that their motivation, while internalised, 
also related to their social interaction, and the social status and capital they 
derived from their excellence in sustained low energy consumption. 
 
Linking these insights together I would suggest a model that researchers in future 
may wish to explore. One leveraging the insights into the relative appropriateness 
or inappropriateness of direct comparison of feedback and methods between 
resources. I suggest that depending on the readiness or preparedness of the 
participant for change, instantaneous energy decision support is offered initially. 
As their engagement and interest in this style of support wanes, support should 
 258 
then move towards goal setting mechanics, where the participant is continually 
evaluated against their historical energy consumption, and where appropriate 
amongst socially linked others. This tiered model helps to address the finer points 
expressed in my theoretical framework surrounding the transtheoretical model of 
behaviour change. The interpretation my own research adds to the understanding 
of disengagement and maintenance and their function as an indicator for a move 
from instantaneous decision-support, to goal-setting and continual historical and 
social comparison. This model also helps to validate the claims that a one-size-fits-
all solution is not appropriate for offering feedback for energy.  
 
The indictment here is not for capitulation in the face of an implacable reality, 
where individuals can never be persuaded to regularly assess their quantitative 
selves. In fact the opposite is true; eventually the smart metering hardware 
capabilities leveraged in my research will become ubiquitous. This is particularly 
evident given the single market electricity directive of the European Union 
(2009/72/EC), and similar policies in Australia (SCER, 2013) and the United States 
of America (EIA, 2013). What this future beckons for is a realisation that houses 
built today have smart metering hardware installed, but that by itself smart 
metering does not impact upon the behaviours of the individual. What is required 
is a suitably persuasive design to engage with the individual on their terms. 
Current approaches towards persuasive designs need to consider the intent with 
which an individual embarks upon monitoring their resource consumption. 
Designing for disengagement and reengagement is potentially a fruitful avenue of 
hitherto unexplored territory.  
 
Reflecting upon my own work, given a chance to reapproach the problem, I might 
restrict my focus to those individuals already invested in reducing their resource 
consumption, attached to a community of practice (such as pvoutput.org).  
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8.2.1 Persuasive or Not? 
Given the focus of my case studies, it is important to discuss the term ‘persuasion’, 
and the limitations in my own research surrounding what was realised. According 
to persuasive technology theorist BJ Fogg (2003, 2009), “… a persuasive 
technology is fundamentally about learning to automate behaviour change” (p. 1). 
This is an interesting nexus of ideas, as implicated in this statement is the need for 
interventions that cause behaviour change. One of the limitations inherent in the 
approach taken in this research, is establishing how well it connects to the claims 
of persuasion, rather than that of providing feedback on resource consumption. I 
argue that effective feedback is persuasive, and that the interfaces between human 
and computer regularly employ statistics to persuade. 
 
As the literature in chapter 2 and the subsequent theoretical framework in chapter 
3 demonstrate, an effort was made to explore relevant literature widely, 
synthesising research themes from varied lenses as befit the background of the 
researchers. What resulted was a distinct lack of persuasion, and a strong bias 
towards providing feedback in ways where psychological constructs of the 
individual could be relied upon, or invested in, to achieve the desired result. These 
methods are applied extensively in P2 (chapter 4), and the result is a significant 
and sustained decrease in the amount of resources consumed. In effect the 
participants of P2 changed their behaviour, independent of any relationship to the 
researcher. The methods promoted in my literature survey, and synthesised in the 
theoretical framework, implemented in P2 achieved the results. The debate then is 
whether this equates to persuasive technology or feedback on resource 
consumption.  
 
Persuasive technologies are designed to persuade those using them through a 
range of methods, particularly social influence (Fogg, 2003), to change their 
behaviours by first changing their attitudes. Lockton et al. (2010) however, extend 
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this definition by including situations, such as safety systems, where attitude 
change is not a precursor for behaviour change, and is in fact not a consideration. 
What I believe this leads to is that labelling something persuasive technology, 
while claiming another is offering feedback on resource consumption, is a 
terminology debate, rather than a substantive debate leading to different outcomes 
in the participant.  
 
If we are leveraging similar psychological constructs and research about 
behavioural and environmental psychology to effect change in participants, one 
may very well be implementing a persuasive technology that relies entirely on 
conveying resource consumption statistics. In this case, no real persuasion is 
occurring as only statistics are displayed, yet by the very methods with which the 
statistics are shared with the participant, we expect – and indeed rely upon for the 
relative success of the intervention – a psychological effect to cause the participant 
to change their behaviour, even if, as Lockton et al. (2010) states, attitude change 
is not a consideration. 
 
Within my own work, I consider my case studies to encompass persuasive 
technologies offering feedback on resource consumption, and highlight areas 
where persuasion in participants occurs. The debate as to whether the term 
persuasion is appropriate, given that I am sharing statistics, is rather myopic and 
serves only to obfuscate the resulting change in behaviour that occurs when one 
modifies their attitudes.  
8.3 Policy Implications 
One of the more telling implications of E3 was the concordance with research by 
Darby (2010), in that the energy monitors while acting as an awareness building 
tool for participants, did not motivate them to live more sustainable lives. 
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Underscoring the fact that study participants were using energy in a particular 
way does not readily translate to enacting pro-environmental behaviour.  
 
Energy meters rather than monitors should be the focus of policy debate, as the 
ability to disaggregate energy consumption, was highlighted by participants in E1, 
E2, and E3. This disaggregated view of resource consumption was presented in P1 
and P2, and proved effective when deployed in tandem with the feedback 
mechanisms provided to participants (Hasan et al., 2013). My research shows that 
while there is value in offering aggregate feedback to individuals, the scope of 
their engagement and willingness to change is influenced by the granularity of the 
data offered (Filonik et al., 2013; Petkov et al., 2011).  
 
Future policy deliberations surrounding the support of domestic investment in 
renewable energy generation would likely yield more reductions in energy 
consumption (Rutley & Sarri, 2011). Not only through the direct production of 
renewable energy, but also the concomitant recognition of the inherent value of 
saving energy as it now impacts upon generated revenue. In support of this theme, 
research by Ivanova (2013) showed that Queensland residents are willing to pay 
an additional cost per quarter on their energy bills (average $22), if that cost is 
associated with energy produced from renewable sources. Offering future rebates 
or subsidies for the installation of renewable electricity generation to Queensland 
residents would likely see further uptake of the technology, and an associated 
decrease in energy consuming behaviours.  
 
For the now defunct CSHS, the case is at once damning, and heartening. On the 
one hand, faced with a wave of evidence and popular opinion, the Australian 
Government subsidised the roll out of hundreds of thousands of real-time energy 
monitors, equipping the public with previously inaccessible information, 
educating parts of the population in the process. On the other hand, the energy 
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monitor deployed has been largely criticised for a rudimentary feature set and lack 
of extensibility. This at once educates, but also delimits the possible function of 
the device to the individual, leading to a majority of individuals that stop using the 
monitors, disengaging within three months (see Appendix E). This deployment 
has also shaped public opinion of the function and usefulness of energy monitors, 
meaning that future deployments face, firstly the learned behaviour associated 
with the CSHS energy monitors, and also the resistance to adoption associated 
with distrust in smart metering.  
 
The impending electric car revolution, and possibility of a distributed grid also 
mean that smart metering could empower and inform individuals, who are at once 
consumers but also producers supplying a local electricity network. This 
revolution is best observed through the innovations of Tesla Motors and associated 
companies, who through an agenda of bettering humanity, are already realising 
the potential of linking all of these services together, creating a seamless and 
profitable experience for the individual through their support of  motivating ideal: 
a better future.  
8.4 Recommendations for future research 
One of the major shortcomings of energy monitors as a research tool, is the limited 
scope of feedback and extensibility. It is not possible to readily arrive at a figure 
for each appliance in a domestic environment if the energy monitor is clamped 
around the mains as the majority currently are (see Appendix A). Energy meters, 
however, provide this extensibility through a process of applied machine learning 
(Patel, Robertson, Kientz, Reynolds, & Abowd, 2007; Smeaton & Doherty, 2013). 
Measuring what impact this has on engagement and environmental sustainable 
lifestyles represents an avenue of future research.  
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Another promising area of research is resource monitoring to improve health 
outcomes for the elderly at risk. Over the last five years Australia and other 
developed nations (particularly the Euro zone) have shifted the focus of their 
energy demand management and distribution architecture to account for the rapid 
deployment and integration of smart metering technologies. By 2020, the EU, as 
part of their single market electricity directive (2009/72/EC), has stated that 80% 
households will have smart meters.  
 
This research would be the combination of three main areas, elderly individuals at 
risk due to failing physical and mental capacity (particularly those with 
Alzheimer’s), the rapid advances in machine learning to detect patterns in 
behaviour, and smart metering for resources in domestic environments.  
 
Using the readily available data output by smart meters, machine-learning 
software could non-invasively determine when, and for how long, home 
appliances are used. A novel application of this data is to manage the risks 
associated with elderly and infirm individuals living in complete or semi-
independent domestic situations.  
 
For individuals with impaired mental or physical capacity, feedback to trusted 
third parties leading to direct or indirect intervention could improve health 
outcomes for these individuals. Pattern matching over a period of months could 
detect a disappearance of key behaviours such as making breakfast, or washing 
clothes. Communicating this autonomously to trusted third parties using the data 
gathered facilitates immediate intervention and potentially better health outcomes 
for elderly individuals. 
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8.5 Limitations of the study 
The limitations of my researcher are noted below. As with any research the 
benefit of hindsight is the best weapon of criticism, so these lessons learned are 
recognised as a method of improving future endeavours.  
 
An oversight in the analysis of P2 is quantitative measurement of when and where 
the decrease in paper use occurred for all participants. Additionally, referencing 
the trans-theoretical model of behaviour change, it would have been useful to 
identify when the participants entered a maintenance mode, via a qualitative 
component.  
 
It would also have been ideal if, during E3, I had been able to accurately record 
energy consumption for participants, however, device failures and freezes were so 
common that quality data was not recorded for the majority of households. This 
also impacted the data provided by the Dashboard, and represents an area which 
would, ideally, have been avoided. The recognition and recall of the CurrentCost 
energy monitors went some way to alleviating this issue, but not completely.  
 
In hindsight using a Wizard of Oz style study environment to help simulate users, 
or user involvement, would have been an excellent route to encourage 
engagement as part of the deployments of EnergyWiz and the Dashboard. It is 
artificial but also could augment the feeling of community and may well have 
resulted in further insights from E1.  
 
It is unclear as to whether the inclusion of appliance level monitoring would yield 
the desired engagement from participants, and this represents the holy grail of this 
type of research. However, a study byCarrie et al. (2012) points to this proposition 
being false. My research is an important stepping stone towards realising the 
potential of an informed populous, consuming resources on a sustainable basis. 
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The findings of this research are highly relevant to those beginning their research 
in this space now, equipped technologies that were either previously restricted to 
commercial installations, or vastly more expensive and convoluted.  
 
My research attends to our understanding and action around current phenomenon 
within Australia (and to a lesser extent Ireland). It should be understood that my 
research does not provide an exhaustive and exclusive set of steps for 
understanding or approaching domestic or office based resource consumption. The 
culture within which the studies take place, undoubtedly has an impact upon the 
empirical data gathered and reported findings. It is arguable that true energy 
conservation presents a rather Herculean dilemma for society as a whole 
(Barnosky et al., 2012), and that surmounting the misconceived status quo that 
energy efficiency equals energy conservation, may require a rather drastic change 
to how we perceive and facilitate market driven economies (Figueres, 2012). 
 
Were similar research undertaken in a culturally distinct region of the world, the 
results would vary. To what extent would depend upon the dynamics at play in 
the lives of participants (be they economic, educational, or safety related). When 
the poorest two billion people of the world are focused on eating enough food 
each day, an overarching concern for the environment cannot be relied upon. The 
results of my own research of middle class Australians, show that socialisation and 
an appreciation of the imperatives to curb global warming are important for 
longer term engagement. In a nation where the middle class does not dominate, or 
where economic pressures are more readily felt by the populous, it is likely that 
budgetary imperatives, or the need to eat, would play a stronger role as a 
motivator for participants in the longer term.  
 
Indeed it is easy to conclude that were my research to explicitly consider 
Australians from a low socioeconomic background, or single parents, a different 
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set of results would emerge. The prominence of the motivations and drivers for 
the behaviours reported upon in my research is a direct result of those chosen as 
participants. This is an inherent, but intentional limitation of my research, 
providing focus and effective scope for a single researcher undertaking a PhD.  
8.6 Conclusion 
When I commenced my research in 2009, the prevailing wisdom of the 
Queensland State Government dictated the subsidised roll-out of over 355,000 
energy monitors to Queensland residents ("An Important Announcement from the 
ClimateSmart Home Service," 2012). Similarly, office workers perceived that they 
were already managing their paper consumption effectively and all their printed 
paper use was justified (R. Medland, 2010).  
 
By the conclusion of my research, I have shown that sustained reductions in 
resource consumption over longer time periods are possible, with appropriate 
persuasive designs, despite the views of office workers. Similarly, my research 
showed that the tools provided to individuals in domestic environments require 
far more sophistication, if they are to prove anything more than an educative 
apparatus. However, for participants where there was a desire to live more 
sustainably, E1 and E2 showed that energy monitors can act as a catalyst moving 
those in the contemplation mode to the action mode. E3 further supported this 
theme in a longitudinal study demonstrating prolonged engagement and sustained 
behaviour change.  
 
My research showed that mobile devices are capable of replacing existing resource 
monitor as the primary method for interacting with energy when the appropriate 
feedback methods are employed, and configurable interfaces are appreciated but 
may not translate to participants undertaking sustained pro-environmental 
behaviours.  
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Of interest to the researcher is the fact that recently, famed investor Warren 
Buffet invested in solar power. Made famous by his frugal nature, and extreme 
wealth (estimated US$62 Billion), the founder and director of Berkshire 
Hathaway, is at times viewed as a bellwether; so solid are his investment choices. 
A popular example of this is that Buffet declined to invest in the dot com bubble, 
as after his usual rigorous research, he just could not see how the money was going 
to be made. Decried in 2000 for being out of touch, time has definitely silenced his 
critics. Echoing this sentiment, if Buffet has invested heavily in solar, he can 
clearly see that the energy revolution is the real deal, and this bodes well for those 
seeking a more sustainable energy supply.  
 
It is inspiring to think that individuals who are invested in reducing their resource 
consumption, can over time, and given the right information, completely change 
not only their own consumption patterns, but that of their friends and colleagues. 
Sustaining this change, and an interest in the results, similarly reflects the ideals 
expressed in my research agenda, to help individuals live more sustainably.  
 
My hopes are that given the prevailing wisdom of change towards policies and 
technologies with sustainable as a focus, we will, as researchers, be endowed with 
a wealth of riches. An ever expanding library of research and designs, all aimed at 
reaching, persuading, supporting, and connecting with individuals who are doing 
the really hard work – changing the world one household at a time.  
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10 Appendix A: A Review of Domestic Approaches to 
Measuring Energy Consumption  
One of the key challenges I faced as part of my research was achieving bespoke 
solutions for gathering, maintaining, interpreting and displaying electricity 
consumption data. In this chapter I describe the challenges and pitfalls inherent to 
domestic energy monitoring. 
 
These monitors are designed to make visible the consumption of electricity within 
the household, connecting the appliances to their consumption. Accomplishing 
this task however is not as simple as installing a device displaying this information 
(Dourish, 2009). The reasons why a person is using energy are significant, so too 
are the factors that motivate that individual to reduce their consumption. It is 
engaging with the individual where the current generation energy monitors find 
their biggest challenge.  
 
This chapter is in part a concession to the real-world nature of my research. As I 
have not simulated my research in a lab environment, it was necessary to spend 
considerable time researching and evaluating the possible energy monitoring 
options. The primary reason for this was that the eventual monitor would be 
installed into Brisbane homes, and be required to function autonomously while 
also supplying my persuasive technologies with data. While this is not the focus of 
my research this chapter demonstrates the considerable and relevant effort 
attended to when deciding on the eventual monitor deployed as part of my 
research. This chapter helps to demonstrate the challenge one encounters when 
seeking a bespoke solution to in home energy monitoring for use in research. 
 
In this chapter I present a review and taxonomy of domestic energy monitoring 
solutions, ascribing suitability based upon criteria derived from their objective 
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capabilities. Representative exemplars have been chosen as the spectrum of 
available products is too broad to examine individually. 
 
In the first part of this chapter I synthesise the findings of other researchers that 
point to the need for greater interoperability between devices and services 
employed by the current generation of energy monitors. On the basis of these 
insights, the chapter argues for industry standards to aid interoperability. I then 
present the methodology and results of the taxonomy. I finally discuss the relevant 
use case scenarios and the findings of my own work in the field.  
 
I would also like to acknowledge the contributions of Iain Scott and Daniel Filonik 
to this chapter. During my research I was approached by a Victoria based solar 
panel cooperative (GV Community Energy) seeking advice on installing energy 
monitors in rural areas to the elderly, we agreed upon an engagement after 
consultation with Assoc. Prof. Marcus Foth. As part of this engagement I supplied 
advice and was part of a team that prepared a report outlining the possibilities for 
the cooperative, and also recommendations for monitors and courses of action. In 
this capacity Iain Scott prepared an excellent overview of the physics relating to 
the monitoring solution, while Daniel Filonik prepared a summary of smart 
metering. I have included these discussions in this chapter, highlighting their 
authorship.  
10.1 Development of Energy Monitoring in Homes 
As far back as the 1970’s regular experiments examining electricity consumption 
habits were being carried out in a domestic setting (Becker, 1978). Partly because 
of the energy crisis of the day, and partly because of the rising demands of 
households, as more appliances and modern conveniences entered the lifestyles of 
a growing middle class (Geller, Winett, & Everett, 1982).  
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Industrial settings provide larger budgets and strict building codes, advanced smart 
metering down to power point level is often the norm. Domestic settings 
conversely are usually characterised by aging and non-standard power 
infrastructure and limited investment in monitoring energy. These factors impact 
heavily on the available solutions for research. Energy monitors servicing 
domestic settings reflect this – offering fairly ubiquitous rudimentary transmitter, 
receiver-display units at an economical price.  
 
In recent years there has been a strong push for governments to encourage 
consumers to become more environmentally conscious consumers (Darby, 2001). 
In answer to this, countries around the world such as Australia(Jones, 2010), and 
the United Kingdom(Nanson, 2008), have introduced policies and programs to 
support the uptake of energy monitors into homes. Results have been mixed with 
authors such as Darby (2010)concluding that these monitors may have little to no 
long-term effect in their current incarnation. The reasoning behind this relates to: 
 how individuals interpret and use feedback information, 
 whether the energy monitor provides any affordances for the individual 
may wish to see as they become more experienced with the device, and; 
 how the feedback can be combined support services and actionable advice 
(Darby, 2010).  
 
Similarly, researchers such as Pierce, Fan, Lomas, Marcu, and Paulos (2010)and 
Strengers (2011) argue that further research and development of these devices to 
successfully engage with users. Strengers (2011) points to a need for a redesign of 
these devices to understand the everyday practises we carry out, and how these 
are mediated by social, cultural, technical and institutional dynamics. Essentially, 
that it is not always appropriate to reduce or conserve energy in a given context. 
Pierce et al. (2010) argue similarly that there needs to be a greater understanding 
of what behaviours are moderated or effected by the feedback provided by these 
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devices and also that there is a bias in assuming that these devices will have any 
effect at all. 
 
Ironically, research seeking to improve these devices is often hampered by poor 
design choices by manufacturers (Pierce et. al, 2010). Each device has a seemingly 
different transmission distance and timing, transmission frequency, encryption, 
and most of the current generation of monitors are only now showing signs of any 
extensibility beyond an isolated monochrome LCD display.  
10.2 Energy Monitoring Principles 
The following discussion of energy monitoring principles was prepared by Iain 
Scott as part of our report to GV Community Energy. It provides an excellent 
overview of the physics enabling the current generation of real-time energy 
monitors. 
 
There are several benefits to be gained by installing an energy monitoring system 
in a home. Most obviously an individual can use the monitor to check how much 
money they are effectively spending on electricity. However, there are a number 
of other implicit benefits which are realised. By regularly checking the energy 
monitors status, the individual is educating themselves as to the relative power 
consumption of their power devices. This in turn allows them to make more 
educated choices as to whether to use a specific device at all or whether to reduce 
the duration of its use.  
 
Additionally, if a device is malfunctioning and using more power than normal, 
then this is brought to their attention and the fault can be identified and rectified. 
The detection of a device malfunction is greatly assisted if a history of power 
consumption is recorded by means of a data logging system. For example, if a hot 
water heaters thermostat was faulty and the heating element was continuously 
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operating then by analysing the graph of power consumption over a period of 
several days, the typical daily troughs in demand would be conspicuously absent 
alerting the individual to the issue.  
 
When an electric current flows in a conductor, a magnetic field is produced, this is 
proportional to the magnitude of the current flow. A typical domestic energy 
monitor samples the current flowing in a single-phase live conductor. This is 
achieved by placing a Hall-Effect Sensor (known colloquially as a clamp) around 
the conductor. The Hall-Effect Sensor is a semi-conductor device which outputs a 
small voltage that is proportional to the current flowing in the conductor. The 
signal voltage is sampled periodically and transmitted wirelessly to the Receiver 
unit. 
 
By measuring current only, the device needs to be pre-programmed with the line 
voltage in order for the instantaneous power to be calculated (by the equation P = 
I x V). If the supply voltage were to deviate significantly from the nominal supply 
voltage used in Australia (230V AC) then the resulting calculated power would be 
incorrect. 
 
Because of the physical nature of the Hall-Effect Sensor, spurious magnetic fields 
can interfere with the measuring of the current in the conductor. However, the 
torroidal structure of the sensor results in a high noise rejection ratio and the 
sensor is usually minimally affected by such emissions. 
 
The accuracy of the calculated total Energy usage depends largely on the sampling 
frequency of the clamp. The running Energy usage total is calculated by summing 
all the sampled instantaneous power measurements (P) and dividing by the 
number of samples taken (n) within a given time period. 
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Energy Monitors Calculated Energy Consumption: 𝐸 =
∑ 𝑃𝑛0
𝑛
 
 
Most domestic energy monitors sample the current flow at intervals of multiple 
seconds; e.g. 6, 12 or 18 seconds. The longer the time interval, the greater the 
battery life expected from the transmitter. However, the power fluctuations that 
occur between the sampling periods are not taken into account and therefore the 
Calculated Energy Consumption will contain a greater inherent error. 
Figure 51 shows a typical current clamp and transmitter installation installed 
adjacent to an existing Utility Energy Meter. 
 
Figure 51: Current Clamp and Transmitter Installation 
The shortcomings of Energy Monitors as outlined above prohibit their use to 
meter electricity for billing purposes. In order for a utility business to accurately 
charge their customers, energy meters are used. Energy Meters measure both 
current (I) and voltage (V) continuously and integrate the product with respect to 
time. This results in a true recording of actual energy consumption. 
 
Energy Meters Calculated Energy Consumption: 𝐸 = ∫ 𝑉. 𝐼 𝑑𝑡 
 
Energy Monitoring and PV Solar 
There are two different tariffs that energy companies use to measure a PV solar 
installation’s energy contribution. The Net feed-in tariff, also known as export 
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metering, records the surplus output from the PV installation after the house’s 
base load is subtracted. For example, if the PV installation is generating 1kW and 
the house’s base load is 800W then only 200W power is being exported to the grid 
and this 200W will be measured and the owner renumerated accordingly. 
This NET tariff provides the owner an incentive to reduce their power 
consumption during periods when the PV installation is producing the most 
power since energy companies currently pay a minimum of 50c/kWh for small-
scale PV generation. This is compared to the cost of wholesale grid energy of 
approximately 20c/kWh. 
 
The other tariff used is the Gross feed-in tariff. This pays the owner for every 
kWh of energy produced by their PV system regardless of whether they consume 
the power or not. With this tariff there is no incentive to reduce their 
consumption during the PV peak generation period since they sell each kWh to 
their energy supplier at 60c/kWh and effectively purchase the same energy back 
for approx. 20c/kWh. 
 
All consumer-grade home energy-monitoring solutions currently available have a 
number of shortcomings when attempting to configure them for monitoring both 
domestic energy consumption and PV solar energy production. The most 
advanced which the Urban Informatics Research Lab has tested and is available 
now, is the Current Cost Envi-R. This unit has provision to receive data from up to 
10 transmitters. In a household with PV solar, the clamps are positioned as shown 
in Figure 52: 
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Figure 52: Monitoring PV Solar 
This setup requires two pairs of transmitters and clamps: The first pair is fitted in 
the household’s switchboard between the power inputs (from the grid and the PV 
solar inverter) and the power outputs (all of the individual circuit breakers going 
to power, lighting, stove, AC, etc.). This clamp measures the whole house 
consumption. The second pair is placed around the active wire coming from the 
PV solar inverter and measures the PV solar power generation. 
 
This setup can be used in conjunction with the Current Cost Bridge which is an 
Ethernet bridge. The Envi-R display periodically polls the Bridge providing the 
recent average of the energy consumption and then uploads this data to the 
Current Cost database server via the on-board Ethernet connection which must be 
plugged into the household’s (DSL or cable or similar) internet router. A new 
version of the Current Cost Bridge allows for multiple channels to be uploaded, 
that is, the default consumption channel plus up to 10 IAM (individual appliance 
monitoring) channels. One of the IAM channels can be used to monitor the PV 
solar production. 
 
The Envi-R receiving unit shown in Figure 53 displays different channel readings 
on different ‘pages’ which are accessed by pressing the UP and DOWN arrows. 
The unit does not yet provide any indication or labelling function to differentiate 
multiple power sources, other than simply clamp 1, clamp 2, etc. This interface 
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makes at-a-glance checking of the PV output and current household consumption 
difficult. 
 
Figure 53: Current Cost EnviR 
Because of the large variation in layout and positioning of existing domestic 
energy meters and switchboards, there are a number of issues which must be 
taken into account when planning a large roll-out of energy monitors. Depending 
on the chosen product, the clamps can be too large to be fitted around the single 
live conductor, especially in compact electrical cabinets. 
 
Additionally, there is an issue in PV solar installations if the consumption clamp is 
fitted around the main power cable that connects the household with the grid. 
The clamp has no means to determine which way the current flows, and 
therefore, the energy monitor will measure the difference between energy 
consumption and generation. For example: 
 
800 W Production (PV clamp) and 200 W Home usage = 600 W is being displayed, 
and 600 W is fed back into the grid. 
 
800 W Production (PV clamp) and 1400 W Home usage = 600 W is being 
displayed, and 600 W is consumed coming from the grid. 
 
In order to address this issue, the consumption clamp must be placed in a position 
where power is only ever flowing one way that is, being consumed by the 
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household. This is typically done by placing the clamp in a position after the 
power comes in from the grid and the solar input, yet before the power flows out 
to the individual circuit breakers. Often there is a specific cable or bus bar that can 
be clamped to achieve this, but sometimes the wiring may need to be modified 
slightly by the electrician to allow this. 
 
Furthermore, the range of the wireless signal emitted from the clamp transmitter 
is limited. The signal from a clamp fitted in an exterior power cabinet may not be 
of sufficient strength inside at the display for the system to function. 
 
This concludes Iain Scott’s contribution to this chapter.  
10.3 Energy Monitoring Use Scenarios 
When considering energy monitors for deployment in homes, some products have 
been designed as stand-alone, whilst others reflect a more internet enabled device. 
Two scenarios are supplied below. These are indicative of a stand-alone and 
internet enabled energy monitor.  
 
Scenario One – Stand Alone 
This scenario assumes that the house offers no Internet connectivity and is 
provided with a stand-alone device that includes an interface for displaying and 
interacting with their electricity consumption data. The household will have easy 
access to the standard metrics available on the display provided. Without Internet 
connectivity, the data is not easily accessed even if provisions are in place. In this 
scenario any type of data gathering will require visiting the household to read the 
consumption data, much like existing electricity meter readings. 
 
From the perspective of the household, most of their immediate concerns 
regarding energy use can be answered at a house level. The basic metrics are 
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available, such as cost over time in terms of dollars, kWh and in some models 
greenhouse gas emissions. Without further extensions, the display will not provide 
a method for working out the consumption of individual appliances directly, 
though this may be derived through a process of switching appliances on and off 
individually. The display unit also usually provides limited storage for electricity 
consumption data that can be used for historical comparison. 
 
The expected level of interaction with this style of display often tapers off 
somewhat over time, as the household learns about their basic consumption 
patterns and, depending on their level of interaction, develops maintenance 
behaviours. In some cases, the display may provide a particular and useful piece of 
feedback, such as whether a water pump has turned on or off.  
 
For households equipped with PV solar panels, a second transmitter package is 
required in most cases - however the same display can be used. The second 
transmitter package is required due to the method with which most monitors 
configure additional data feeds. The household will need to select the solar panels 
on the display to see any generated power.  
 
Scenario Two – Internet Enabled 
This scenario assumes the house is equipped with Internet connectivity through 
wired Ethernet to a home ADSL router or modem. The household is provided 
with an interface for interacting with their electricity consumption data, and 
access to an online portal for viewing their data. As with the prior scenario the 
household will experience similar interaction with their display. The difference 
here is that the Internet connectivity enables more services and data extraction 
methods to be available to the household.  
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Using some models of energy monitors, after an initial configuration, data will 
automatically be uploaded to a website for online viewing until configured to do 
otherwise. Data can be viewed using a number of different platforms in some 
cases, ranging from simple day-to-day graphs, to more advanced historical graphs 
comparing months or a year of data. Beyond this there are also more autonomous 
data gathering tools, where the raw output of the transmitter is uploaded for 
access by advanced users. 
 
As shown in, Figure 54 for those households with PV solar panels, the output of 
the solar panels is available as a separate graph and can be viewed in the same 
ways as with regular consumption.
 
Figure 54: (Top) energy consumption and (Bottom) PV solar panel output. 
 
All of these graphs are flexible and given that the consumption data has now been 
captured and stored online, it is easy to see more varied uses and views of the data 
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as time goes by, for example, solar production versus cloud cover, or overall 
consumption data shown on a mobile phone. 
10.4 Benefits of a Networked Approach 
When installing energy monitors in homes, the flow on effects of decisions made 
regarding ease of information access must be considered. Future access at other 
locations and through different technologies is significant if efforts to conserve 
energy in domestic settings are to progress. This is one of the key developments 
over the last two years in domestic energy monitoring: understanding that 
without a degree of extensibility, the energy monitors equate to black boxes. 
Without methods to access the information, very little future development can 
take place to improve the way that the captured data is conveyed to household 
members. 
 
The ability to access energy usage data online through a web browser enables a 
rich experience beyond that which is economical to offer through stand-alone 
displays. Smart phone technologies enable that same experience on-the-move and 
for multiple people at once. This style of rich media interaction lends itself to 
reminders, alerts and advanced methods for encouraging attitude or behavioural 
change. Beyond all this, once the information is on a remote server, more detailed 
metrics and analyses become a reality. The information can also be archived for 
use at a future date, providing a longitudinal view of consumption in different 
ways over a chosen period of time.  
 
Offline solutions also prohibit some of the more social motivational strategies 
associated with behaviour change. Web technologies facilitate a shrinking of 
distance enabling real-time comparisons with neighbours and other people with 
similar technology willing to share their information.  
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One of the key findings reinforced by my own research is that there is a need for 
configurability in the interfaces provided to domestic consumers displaying their 
resource consumption. Interfaces are usually designed to offer accessibility to the 
largest possible audience. However, research evidence shows that a “one size fits 
all” strategy is not adequate, because it does not tailor the user experience to 
different preferences and contexts. 
 
The difficulty encountered using a single interface is that users are not 
homogeneous in their motivations, attitudes and behaviours. If it is accepted that 
people are motivated differently and likewise hold different behaviours and 
attitudes, it follows that interface designers need to develop a range of different 
interfaces addressing user needs, or provide sufficiently comprehensive interface 
configurability. 
 
Home Energy Consumption 
The following discussion is divided into two parts. The first section addresses the 
underlying themes of domestic energy use consumption in the way consumers 
perceive and use energy, while the second section investigates why these themes 
are present in particular environments and not others. The research provided in 
the second section discusses in detail the research of Guinard and Trifa (2009). 
This research provides framework for monitoring energy consumption of 
individual devices and an adaptable open-source web based display tool. My 
research will seek to replicate and extend aspects of Guinard and Trifa’s design. It 
should be noted however, that despite the benefits appliance level monitoring 
using Plogg monitors is considered beyond scope and intrusive.  
 
The link between appliance use in domestic settings and the energy consumed 
during passive and active operation remains unclear to consumers (Brewer, 2008; 
Chetty et al., 2008; Darby, 2006; Fitzpatrick & Smith, 2009; Upham et al., 2009). 
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Consumers simply perceive that they use appliances to make meals, and do not 
grasp the notion that the energy used in making breakfast can boil down to a 
count of kilowatt-hours (Fitzpatrick & Smith, 2009). This notion is reinforced by 
Strengers (2008) who examined usage and perception of real-time energy monitors 
in households. Strengers (2008) states that participants using existing real-time 
monitoring tools for domestic dwellings did not clearly understand the connection 
between their activities and the output consumption data on the energy monitor. 
Strengers noted that participants were more likely to change the technology than 
to adjust their existing practises beyond minor behavioural changes (such as full 
loads of washing). This finding points to a lack of fine granularity in the data 
currently presented to consumers by domestic energy monitoring technology 
(Chetty et al., 2008). Strengers (2008) did not find consumers were unable to 
gauge their energy consumption as a whole. Rather, she discovered that 
consumers who went so far as to display supportive behaviour such as carrying the 
monitors around and switching appliances on and off, were unlikely to understand 
how each device contributed to the total energy output. In short, the total output 
reading was not fine grained; the monitors were not directly connected enough to 
consumer actions to offer them a reasonable understanding.  
 
While the current generation of real-time domestic energy monitors go some way 
to addressing existing shortfalls in energy consumption feedback, they do not 
address the larger issue of behavioural change. There must be a move towards 
greater understanding of how devices consume energy and where lies the major 
cost to the consumer, in terms of dollars and other metrics such as kilowatt-hours 
and CO2 generated.  
 
A study by Sidler & Waide (1999), who by way of reviewing appliance efficiency 
research, provide support for a more encompassing argument towards the limited 
consumer understanding of incurred energy costs. The authors, while highlighting 
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the relative rise and fall of domestic energy consumption for different purposes 
(such as heating and washing) due to seasonal influences, refer to a study 
conducted by the French Ministry for Industry. The Ministry gathered an 
inventory comparing the estimated values for domestic appliances to recorded 
measurements (estimates are regularly used to bill consumers). Interestingly the 
study showed variance of up to 506% on estimates for vacuum cleaners. Through 
this process the Ministry discovered that a large percentage of domestic water 
heaters were incorrectly wired, continually circulating water instead of in 
response to thermostat triggers caused by consumer usage. It was estimated that 
some 1.21 TW/year were being wasted in water heating across France (Sidler & 
Waide, 1999). As gas and oil water heaters were listed third highest in energy 
consumption (preceded only by freezers and refrigerators), aware and unaware 
tenants were incurring significant expense due to the unnecessary standby load of 
their water heaters. Were it relayed to consumers, this type of information could 
reduce energy intake and costs, and dramatically influence how consumers use 
and maintain household appliances.  
 
When a consumer cannot associate a particular amount of electricity with a device 
used during operation or standby load, it becomes problematic to accurately judge 
how best to live and act sustainably. The technology to address this situation is 
currently available but is not widely adopted in domestic settings. Current 
industrial installations use remotely managed digital addressed power sockets that 
provide real-time data on power consumption and also offer complete control 
through an interface-driven central control unit. Additionally there is the lack of 
reliability in the detection and wireless transmission of energy consumption to 
wireless monitors, whereas directly wired energy meters provide more accurate 
results. 
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While industrial solutions are transferable to a domestic environment, they 
represent an increase in initial costs. The installation of such devices is also 
invasive if not conducted during the construction of the dwelling (existing wiring 
must be replaced or spliced). To illustrate the point, a Setac smart power point 
with two inputs costs around $300 and control units are over $2000 – a qualified 
electrician with a specialisation in home automation must also perform the 
installation. 
 
In recent years the importance of a high level of digital control has been 
established in domestic dwellings, with researchers often commenting that 
participants sought greater granularity in the data provided by energy monitors 
(Chetty et al., 2008; Guinard & Trifa, 2009; He et al., 2009). Current research 
points to a number of applied solutions: the first was applied by Guinard & Trifa 
(2009) with an extensive refit of power points within an experimental office and 
attachment of remotely manageable sensors (Ploggs) which transmitted usage data 
wirelessly. Appliances plugged directly into the Plogg sensors, which were in turn 
plugged into a wall socket (see Figure 55). Specifically programmed hardware (a 
Zigbee working as an HTTP server with a simplified instruction set) was used to 
process the captured data, and provide remote management.  
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Figure 55: Plogg sensor connection (Guinard & Trifa, 2009) 
Different display options are offered (in this case a web-based interface) with 
varying degrees of interface complexity to the metrics provided. From these 
interfaces the user has complete control of the monitored appliances, along with 
their usage data and overall power consumption. It should be noted that the 
interfaces employed by Guinard & Trifa (2009) reflect a utilitarian approach to 
interface design, see Figure 56.  
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Figure 56: Web based user interface using Plogg data (Guinard & Trifa, 2009) 
The solution offered by Guinard & Trifa (2009) is an example of a software and 
hardware architecture developed using cost-effective, low-power devices 
operating on an open transmission and programming standard. This do-it-yourself 
style solution to sustainable living is one of the most advanced, minimally invasive 
solutions for domestic dwellings. While there are several recent examples of 
similar domestic solutions – Brewer 2008, Chetty 2008, Dillahunt 2008, 
Eisenhauer, Rosengren, & Antolin 2009, Hinterbichler 2008, – it is uncommon to 
see a web-accessible interface offering this level of power management, remote 
access and control while still open to user-driven modifications and additions 
(Eisenhauer, Rosengren, & Antolin, 2009). One possibility for future research is to 
explore the effects of more advanced interface variations that employ an 
understanding of consumer sustainability motivations and desires in their design. 
 
Another method to accomplish real-time domestic monitoring was developed by 
Patel et al. (2007). The authors used machine learning and a sensor plugged into a 
single electrical outlet that passed data to a laptop. This solution managed to detect 
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individual appliances with 85-90% accuracy while avoiding any invasive sensor 
installation. This was accomplished by monitoring power line noise and the 
unique patterns generated by the devices as they consumed power and were 
switched on and off (Patel et al., 2007). While the solution did not offer remote 
power management for appliances, it did have the ability to determine individual 
appliance power use from a single installation point. This method is far superior to 
attaching a power-consuming sensor to each appliance. It should be noted that 
while this style of engineering intervention is relevant to future domestic power 
monitoring and management solutions, it is currently beyond the scope of 
research. 
 
The determined gap in energy conservation is the development of a deployable 
device similar to the proof-of-concept research conducted by Patel et al. (2007) 
within homes across Australia, and the capability to remotely manage the power 
usage of appliances. The constraint in implementing remotely managed appliances 
seems to be the intelligence and communication channels present at the wall 
socket. With the onset of smart grid technology and wireless enabled smart power 
meter installations, the need for deployable power monitors – in addition to other 
already present capable devices such as mobile devices and computers – to provide 
real-time information to consumers may lessen and become a contentious 
initiative due to embedded carbon in the devices. Personal communications with 
David McTurk (2010)4 revealed it that when rolling out smart metering 
technology to existing homes, power retailers may initially offer a remote receiver 
for real-time monitoring of power consumption.  
 
                                                 
4 Operations Director of “2 Save Energy”, the United Kingdom’s leading supplier of real-time 
domestic power monitoring technology with over 350 thousand installations worldwide (and 
inventor and distributor of the OWL energy monitor currently offered to Queensland residents as 
part of the Queensland State Government Climate Smart initiative). 
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It is interesting to note that there is a minor, yet inherent design assumption and 
exclusion present in recent power management research. This exclusion is the 
power consumed by an appliance not connected to a wall socket. It would be 
worthwhile to explore the concept of charge-at-work initiatives or methods to 
relieve peak power consumption. There is also a pervasive omission of specific 
interventions that target the use of green, renewable or offset power by 
consumers, though flat-rate pricing of utility power consumption is sighted as a 
source for lowering consumer concern in conserving resources (Chetty et al., 
2008).  
10.5 Device Taxonomy and Evaluation 
This section is devoted to outlining the relative strengths and weaknesses of 
differing implementations of electricity monitoring technologies. The assessment 
criteria applied below are based on a review of existing assessments (Froehlich et 
al., 2010) and the capabilities that make the monitors more, or less useful for my 
studies.  
 
The following table considers five elements: the clamp, transmitter, receiver, the 
extensibility of the monitor, and price. Each element has criteria assigned based on 
their impact on the functionality of the monitor. For the clamp element the 
electrical current detection method is assessed. The transmitter criteria assess the 
transmission frequency, transmission rate, and strength. The receiver criteria 
assess whether a display is provided, and whether that display is colour or black 
and white. The extensibility criteria map whether the monitor interfaces with 
common web applications, if a PC is required to store or transmit data, and 
whether data transmission is available. Lastly the price of each device is provided. 
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Clasp        
LED sensor      x   
CT clamp x x  x x x x 
Socket based   x     
Transmitter        
443MHz transmission band x x  x x x x 
Configurable transmit rate    x   x 
Transmit rate 5 sec 5-30 
sec 
1-5 
sec 
3-18 
sec 
3-12 
sec 
3-12 
sec 
3-18 sec 
Transmit signal strength avg poor good poor good good avg 
Receiver        
Provides display x x web x x x web 
Mono-LED x       
Monochrome LCD  x  x x   
Colour LCD      x  
Temperature monitor 
included 
 x  x x x  
Extensibility        
Data stored on receiver x x  x x x x 
Cabled connection to PC 
supported 
x o  x   x 
Monitor inoperable while PC 
connected 
x x  x    
PC software provided x o o x web x x 
Internet connectivity     x x x 
Manual data upload available x    x   
Automated data upload 
available 
    x x x 
Twitter capable   x  x  x 
Mobile applications available  x   x x X 
Price        
 
Energy Monitor 
£100 
$148 
£41 
$61 
£97 
$144 
£55 
$82 
 
$99 
£50 
$74 
€115 
$142 
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Internet Bridge 
 
– 
 
– 
£155 
$230 
 
– 
 
$50 
 
incl. 
 
incl. 
Table 47: Energy monitor evaluation 
Device Discussion 
Given the above table it is relatively simple to eliminate a number of the energy 
monitors based on the requirements for the studies to be conducted as part of this 
research. 
 Wattson – this is the only tool that provides ambient communication of energy 
consumption. Coloured LED backlights change depending on energy 
consumption. The display is simplistic displaying one figure in either dollars or 
watts. The software is useful for data gathering and personal reflection, but 
provides no easy means to extend the device beyond personal use. 
Website at http://www.diykyoto.com/ 
 
Figure 57: Wattson 01 
 OWL – this product exemplifies the first generation of energy monitors. It 
provides no extensibility and poor signal transmission strength. There is also 
no easy way to gather data from the display for later analysis. A USB gateway 
can be added optionally, but it requires an always-on computer to receive the 
data. Website at http://www.theowl.com/ 
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Figure 58: OWL 
 Plogg – these are socket level sensors and provide little functionality without 
an accompanying server to receive their transmissions. The reason behind 
including this sensor is that it is one of the only methods for gathering 
individual socket level data. Ploggs do not provide a stand-alone display device 
as a standard. Website at http://www.plogginternational.com/ 
 
Figure 59: Plogg 
 Efergy – this product is similar to the OWL, providing only slightly more 
extensibility in the form of a software package that extracts data from the 
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energy monitor when plugged into a PC via USB. Website at 
http://www.efergy.com/ 
 
Figure 60: Efergy 
 CurrentCost – this product provides a large degree of extensibility while 
retaining the relatively standard display unit with a black and white LCD 
screen. A web portal is offered to customers along with the ability to upload 
data to alternative sources. The core functionality of this device is not 
hindered if this solution is used stand-alone without an internet connection, 
however many of the additional analysis features will only be available with 
internet access to their web portal. CurrentCost also offer Plogg like power 
socket sensors (IAM – individual appliance monitoring devices) to collect data 
from individual appliances. Website at http://www.currentcost.com/ 
Australian distributor: http://www.smartnow.com.au/ 
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Figure 61: Current Cost 
 AlertMe – similar in many ways to the CurrentCost, AlertMe provides core 
functionality without internet connectivity but requires it for more advanced 
features and alternative interfaces on mobile devices such as the iPad. AlertMe 
also offer Plogg like power socket sensors to collect data from individual 
appliances and a colour display unit. Website at http://www.alertme.com/ 
 
Figure 62: AlertMe 
 Flusko – this product skips the traditional display unit in the house opting 
instead for direct data upload to the internet. From there the dashboard for 
viewing information is accessible via any web browser. Flusko aims to allow 
people to develop their own interfaces for accessing their data. Website at 
http://www.flukso.net/ 
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Figure 63: Flukso 
Although not ready for commercial deployment yet, a Sydney-based energy 
monitoring business seems to provide a lot of innovation in one single product: 
Wattwatchers. It plugs into the switchboard without clamps, using up just one of 
the standard-sized breaker switch slots. The product provides far more accurate 
readings as they take the voltage and inductive power appliance usage into 
account. It sends data to the internet via the household’s local Wi-Fi network. 
More information at: http://www.wattwatchers.com.au/ 
 
Web Applications for Energy Monitoring 
The following discussion of the differing web applications available for monitoring 
home energy consumption was prepared by Daniel Filonik as part of our GV 
Community Solar report. It first provides an excellent insight into the power of 
storing and energy consumption data for use by web applications and thereafter 
provides concise summaries of exemplars in the field.  
 
Web applications can add substantial value to an energy monitoring solution. The 
key prerequisite for using such an application with an energy monitoring setup is 
having an always-on internet connection. Further, the energy monitor needs to be 
connected to the Internet and support an appropriate communication protocol for 
 308 
the desired web application. Generally, a list of supported devices can be found on 
the respective websites. It is not uncommon for web applications to support 
multiple devices in order to acquire a greater user base. The functionality that 
such web applications provide can be summarized as follows. 
 Tracking – The web application is capable of communicating with the energy 
monitor and receiving its current status. Simple energy monitors only provide 
a single measurement, whereas more complex setups report much more fine 
grained data, such as energy usage on a per-appliance level. The timeliness of 
the data is another differentiating factor and can be limited by both, the 
energy monitor and the web application. Most web applications support this 
communication through a HTTP-based and RESTful API. 
 Aggregating – The web application collects and stores a history of all tracked 
measurements. This history can vary in granularity, depending on the interval 
at which readings are taken. These intervals are often limited by the web 
application in order to manage the load on the servers. One technique for 
collecting fine grained data without causing constant traffic is batch updating. 
In that case, the energy monitor collects readings over a fixed amount of time 
and transfers them all at once. Having access to this historical data allows the 
user to gain additional insights about his energy consumption. It exposes usage 
patterns and makes it easy to track and compare the effects of energy 
conservation efforts. 
 Hosting – The web application can make the aggregated data available to other 
parties. In general the user providing the data is also the primary recipient. 
Through the web application, the user can access their data from virtually any 
web browser. That enables the user to view their data through an unobtrusive 
and intuitive interface. Displaying on a computer allows for aesthetically 
pleasing and elaborate visual representations of the data. The web application 
can also provide access to the hosted data for other parties or on other devices 
such as smart phones or iPad tablets. It is becoming increasingly common for 
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web applications to share data about energy consumption in a social context, 
for example within a selected group of friends or even with the broad public. 
The resulting competition can be an important incentive to reduce energy 
usage. Besides that, the data is also valuable for commercial partners that 
provide energy services tailored to the individual users. Finally, web 
applications may choose to offer an API for third party developers and 
therefore act as information brokers. 
 Analysing – The web application performs higher level analysis on the data it 
has tracked and aggregated. The goal is to enrich the data and present the user 
with meaningful and actionable information. The sophistication of the analysis 
can range from simple conversions between different metrics to complex 
pattern matching resulting in detailed breakdowns and recommendations. One 
approach for motivating energy conservation is to provide increasingly 
ambitious goals for the user and present the data in terms of progress towards 
these goals. Some web applications are also capable of sending out notifications 
in the form of emails or text messages based on changes or trends within the 
data.  
As energy monitoring is increasingly gaining traction, several web applications 
have been developed. The offerings can vary substantially with each service trying 
to provide unique value propositions. This section gives an overview over a 
number of notable web applications. The commonality of the following web 
applications is that they track, aggregate and host the user’s energy consumption 
data. The following should not be regarded as a complete listing of web 
applications in this space, but rather as a selection of the most promising or unique 
examples. 
 
In many cases the web applications are offered by the companies that are 
producing the energy monitoring equipment. Rather than being stand-alone 
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products, they are essentially software applications that add value to the hardware 
solutions. 
 
AlertMe 
AlertMe5 is a company offering home monitoring solutions specializing in energy 
usage and security. Their products are available in the United Kingdom. The 
AlertMe online dashboard (Figure 64) works exclusively with their proprietary 
energy monitoring devices. It features a fixed number of pre-defined widgets that 
display the user’s energy consumption using different metrics, such as power 
drain, cost and carbon footprint. The costs are extrapolated to give a monthly cost 
prediction. A swing-o-meter widget provides an indicator for the user’s 
performance compared to other households. Further widgets display temperature 
readings and individual appliance statuses. By clicking on a widget of interest the 
user can access more detailed information and historical data. Users can access the 
dashboard on the go using the mobile version of the website or a native iPhone 
application. 
 
                                                 
5 http://www.alertme.com 
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Figure 64: AlertMe web interface 
Current Cost 
Current Cost6 is a company focussing purely on energy monitoring. They are also 
based in the United Kingdom, but they have acquired several international 
partners for the distribution of their products. In Australia their devices can be 
purchased through SmartNow7. Their web application (Figure 65) only supports 
Current Cost energy monitors. The web portal displays a line chart of the 
measurements taken by the devices throughout the day, generally power drain 
and temperature. The latest devices support multiple data streams (IAM – 
individual appliance monitoring, see above) which can be displayed separately 
within the interface. Furthermore, the dashboard features a visual representation 
of the current device status as well as a comparison with the usage on the same 
day one week ago. A mobile version of the website is also provided. 
 
Figure 65: Current Cost web interface 
EnergyHub 
                                                 
6 http://www.currentcost.com 
7 http://www.smartnow.com.au 
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EnergyHub8 is a company trying to cater to both, consumers and utility 
companies. They are conducting their business in the United States. For tracking 
energy consumption they access data from smart meters provided by the utility 
companies. Their MyHub web portal (Figure 66) can be used with smart meters 
based on the Itron OpenWay architecture. It is limited to a fixed set of widgets. 
The energy usage can be viewed in terms of power drain, cost or carbon footprint. 
A swing-o-meter is used to give an indicator of the user’s performance. Other 
elements display temperature readings, individual appliance statuses and monthly 
cost predictions. For mobile access EnergyHub provides a native iPhone 
application. 
 
Figure 66: EnergyHub web interface 
Wattvision 
                                                 
8 http://www.energyhub.com 
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Wattvision9 is a software and hardware solution for energy monitoring developed 
by Aerodyno Inc. They are a start-up company based in the United States. They 
differ from the previously mentioned solutions in that they also offer an open API 
for communicating with their web application (Figure 67). This means that the 
website can be used not only with their device, but also with other energy 
monitors such as The Energy Detective10. The dashboard displays a line chart of 
measurements taken by the sensor. Additionally the current energy usage is 
displayed in terms of power drain and cost. There are daily cost projections and 
comparisons with users on the same street as well as all users of the service. The 
Wattvision website also features a ranking of all participating households. The 
service can be accessed on the go through a mobile version of the website. 
 
                                                 
9 http://www.wattvision.com 
10 http://www.theenergydetective.com 
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Figure 67: Wattvision web interface 
Google PowerMeter 
Due to increasing public awareness and political backing, environmental 
sustainability and green technologies are viewed as business areas with 
considerable future potential. As a result, web applications are also offered by 
several companies that are not directly involved in the production of energy 
monitoring equipment but rather focus primarily on web services. 
Google, a leading provider of numerous web services, was one of the first to enter 
the energy monitoring field with Google PowerMeter11. The project originated 
from the philanthropic branch of the company. Google partnered with utility 
companies as well as device manufacturers to gain access to energy consumption 
data. Energy monitors from companies such as AlertMe, Current Cost or The 
Energy Detective were officially supported and many others were compatible with 
the service. The web interface displayed a fine grained bar chart of readings taken 
by the device throughout a day, week or month. Yearly cost predictions were 
extrapolated from the selected time span. Further, the user could set a target 
budget and perform comparisons with his past usage. Although the project has 
now been discontinued, it was influential by providing visibility and validity to 
the business of home energy monitoring and nurturing several companies that 
remain active in this field. 
 
Pachube 
Pachube12 sets itself apart from the other services, because it aims to be a general 
purpose platform for managing and sharing real-time data from sensors. 
Nevertheless, it offers all of the basic functionality of a web application for energy 
monitoring. Energy consumption data can be uploaded through its open API and 
some energy monitoring devices – such as the latest Current Cost bridges – 
                                                 
11 http://www.google.com/powermeter 
12 http://www.pachube.com 
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implement this right out of the box. The Pachube website features a repository of 
applications that can be used for displaying and working with the collected sensor 
data. These applications range from simple widgets that can be embedded into 
other websites to advanced plugins that perform additional processing and offer 
higher functionality such as alerts. In addition to that, several native mobile 
applications provide access to the data on the go. 
 
PlotWatt 
PlotWatt13 is a fairly recent service that is currently in a beta phase. Its unique 
value proposition lies in the capability of analysing a single aggregated stream of 
energy monitor readings and deriving per-appliance statistics. As of now, the 
service supports monitors by The Energy Detective and Wattvision with further 
device support being planned down the line. The PlotWatt dashboard 
prominently features the current energy usage, the derived per-appliance 
breakdown and a line graph of the collected measurements over a day, week or 
month. The design is intentionally striped down and simple, focussing on 
information that helps the user in reducing his energy consumption. The site also 
lists recommendations for potential savings in text form that are tailored towards 
the user. 
 
PVOutput 
PVOutput14 is a service that allows people to cooperate in groups and share their 
photovoltaic energy output data. The groups are subsequently ranked on a ladder 
resulting in a friendly competition. Data can be submitted and retrieved through 
an open API and a wide range of energy monitors is supported through the 
PVOutput integration service, including those manufactured by Current Cost and 
The Energy Detective. The website features a number of basic visualisations such 
                                                 
13 http://www.plotwatt.com 
14 http://www.pvoutput.org 
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as breakdowns of the energy output by geographic locations or bar charts 
displaying the accumulated amounts of energy produced over time. 
 
Energy monitoring remains an active field and various companies are 
experimenting with different ways of visualizing energy consumption and helping 
users to conserve energy. However, it is becoming increasingly clear that the mere 
display of such information is not enough to reach and effectively engage a 
significant portion of the population. Most people are already exposed to a large 
amount of information on a day-to-day basis and are reluctant to spend additional 
time and effort on energy monitoring. It will be essential to make energy data 
available through various communication channels in order to maximize its reach. 
 
Another aspect is improving the ways in which information is presented to make 
the communication more efficient. Additionally, it is crucial to understand the 
psychological aspects of instituting lasting changes in people’s behaviour. The 
EnergyWiz smart phone application developed by the Urban Informatics Research 
Lab investigates the effects of social comparative feedback and competition on 
energy savings. Other social approaches focus on building communities and 
enabling peer support and collaboration. Looking at the various needs of a broad 
user group, a one-size-fits-all solution seems unlikely. Rather than that, the key 
may lie in a flexible approach that allows for customisation and integration with 
other information relevant to the user. 
 
This concludes Daniel Filonik’s discussion and contribution to this chapter. 
10.6 Discussion 
Given the above taxonomy and the environment within which this research falls, 
the following energy monitors were considered applicable for my research, given 
my expected applications and need to networked data. Firstly, the OWL and 
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Efergy energy monitors due to their presence in Queensland as part of their use in 
the CSHS. For the OWL the USB Connect was later released although it is not 
currently available to the Australian market. The USB Connect collects data much 
like the monitor, relaying it to a file on a computer. This appears to be a 
concession on the part of the manufacturer as there is no storage within the USB 
Connect necessitating an always-on computer to be connected in order to store 
the data.  
 
The Wattson was considered for the unique ambient display of energy 
consumption through different colours, coupled with a simple interface providing 
a single large KWh or dollar figure equating to current consumption. The device 
also provides extensibility in the form of a cabled PC connection where 
consumption data is downloaded and viewed in software at a later date.  
 
The CurrentCost monitor was also chosen, as it is representative of the next step in 
evolution for these monitors. The monitor provided an internet bridge as part of a 
package allowing automated consumption data upload to the cloud using existing 
internet routers without the need to turn on a personal computer. Beyond this, 
the monitor also provided integration with the data brokerage service Pachube 
(now: Xivley). Newer versions of the monitor also allow for error free data 
gathering as the sensor clasp has been replaced by a sensor reading from an LED 
(this sensor is discussed in more detail below).  
 
What the OWL and Efergy monitors convey is the first steps by manufacturers to 
provide computer-mediated communications to households interested in better 
understanding their energy consumption. What these monitors also show is the 
natural progression of expectations as the limitations of these monitors are 
discovered.  
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A clear trend on newer energy monitors also becomes apparent, with 
manufacturers moving to include extensibility on their devices. Newer energy 
monitors providing access to either, a data brokerage service, or an internal data 
management service. This data is then used to display different analytics either on 
web or mobile platforms. These alternative interface choices for users represent a 
growing understanding that isolated capture of energy consumption data without 
alternative views is of little long-term use.  
 
One of the limitations of this approach so far has been the relative disparity 
between data displayed on the in-situ monitor and the data relayed to the 
internet. CurrentCost monitors while providing excellent extensibility, transmit 
data to the internet every five minutes. This lowers the granularity and purposes 
the data can be applied to. This style of artificial limitation seems short-sighted as 
in an effort to reduce data traffic, the ability to provide real-time energy 
consumption on web or mobile is impinged significantly. In my Lancaster study 
discussed in chapter 7 the delay in receiving feedback as noted by participants as a 
key shortcoming of our intervention. This desire for real-time feedback is also 
supported by findings of other authors, such as Froelich (Froehlich et al., 2010) 
and Pierce (Pierce et al., 2010). 
 
Another concession made to simplify network access has been tethering energy 
monitors to wired Ethernet. This means that the user must negotiate between the 
optimum positioning of the monitor, in their opinion, and their desire to gather 
data for display on web or elsewhere. For my own studies, this represents a 
limitation for a number of participants given the relative isolation of their routers. 
For example, in the household of one of our study participants, the router is 
located downstairs in an unused office space which diminished the reported use of 
the monitor as a display.  
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Wirelessly interfacing with home-networks presents another level of complexity 
due to the need for authentication by the energy monitor and the continual 
renewal of access. The AlertMe and WattWatcher and new CurrentCost monitors 
no longer provide a display, preferring to rely solely on internet-enabled 
interfaces such as websites and mobile device access.  
 
The sensor clasp technology applied to gather data from existing energy metering 
equipment also presents serious shortcomings. The reliability of the data gathered 
varies and with some installations data fails to transmit properly due to signal 
interference. One interesting shortcoming of the Ethernet data transmission 
components is that they, at times, fail, requiring a power-cycle to restart and 
continue collecting data.  
 
One innovation of the newer CurrentCost monitor has been the change from the 
existing clasp based detectors to LED based detectors. Where the listed accuracy of 
clasps is around 70% the LED detectors is close to 100%. These LED detectors rely 
on relatively modern energy metering equipment usually only installed as part of a 
photovoltaic installation in homes.  
 
Chosen energy monitors 
For my studies I have chosen the CurrentCost Envi-R monitor and Ethernet 
Bridge. This monitor uses the more traditional, non-LED clamp to measure 
electricity consumption. This device was chosen as currently most residences are 
not equipped with suitable metering equipment to accommodate the LED 
detector. The Envi-R provides a monochrome interface unit that is tethered to an 
Ethernet bridge which can result in low-visibility positioning of the display unit 
due to the positioning of home routers or modems. The bridge unit however 
provides superior services for data acquisition and storage. Data is transmitted 
autonomously with minimal setup and is available directly via a CurrentCost 
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managed web portal. The data is also accessible via the Xivley data brokerage 
service allowing for easy access and querying (via API) for any of my persuasive 
technologies. The data is also stored long-term so can be queried for historical data 
or quantitative analysis.  
 
The exception here is the Lancaster University EnergyWiz study where existing 
infrastructure necessitated the use of the OWL energy monitor and OWL USB 
connect. The shortcomings of the OWL monitor package for storing and 
transferring data were eliminated. This was as a result of the installation and 
network connection of Ultra low power PC’s running continuously in the riser 
cabinets of Lancaster University flats.  
 
In this chapter I have provided an in-depth explanation and examination of the 
differing capabilities of energy monitoring products available for homes. Similarly, 
I have used criteria to assess how these capabilities match with the intentions of 
my own research and research in this space. While this is not the focus of my 
research the serious nature of the investment required to test these devices and the 
developed persuasive technologies necessitated a length review and evaluation 
period.  
10.7 Limitations 
This chapter considered a subset of the energy monitors currently available to 
monitor domestic energy consumption. This is an inherent weakness of the 
taxonomy as not all monitors are considered. To limit the impact, exemplars 
chosen for this review were chosen for their capabilities and how well they 
represent the field. The monitors chosen also represent the different generations 
of energy monitors currently available.  
 
 321 
Another source of possible bias is the collaborations with industry partners 2 Save 
Energy and CurrentCost. During both of these collaborations the need for 
independence was explained. Very limited pressure was expressed by 2 Save 
Energy, relating to their desire for publications rather than the direction and 
findings of my studies. CurrentCost expressly declined contributing any specific 
advice for my studies, after I offered to explore a theme they were interested in 
through a question in my interviews. Additionally contact with CurrentCost was 
only made after their monitor and bridge package was determined to be the best 
candidate based on our analysis.  
10.8 Summary 
This examination is neither prescriptive or exhaustive, but goes someway to 
providing a set of working conditions for those researchers hoping to, out of the 
box, and through tinkering develop a new method for researchers to view and 
share data about energy consumption in domestic environments. 
 
The potential of the mainstream adoption of these devices means that in the future 
there is a strong likelihood that existing technology such as smart phones and 
other operating system driven hardware may see their interfaces overtaken by 
energy monitor applications. At this point we see user experience align itself to 
expectations that users of smart phones have for their mobile experience. 
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11 Appendix B: Collaborative Arrangements 
11.1 Smart Futures Fellowship 
My research is part of the Smart Futures Fellowship awarded to Associate 
Professor Marcus Foth (QUT RM 2009000003: Ubiquitous Computing to Bring 
Real-time Environmental Data into the Homes and Hands of Queensland 
Residents) to develop technologies for people that enhance their ability to lead 
more sustainable lifestyles (2009 – 2011). Associate Professor Foth is the principle 
supervisor for this PhD. The Smart Futures Fellowship research team also included 
a Systems Engineer part-time (Iain Scott), two research interns from CDTM 
Munich (Petromil Petkov in 2010, and Daniel Filonik in 2011), and a Senior 
Research Fellow in 2011 (Markus Rittenbruch). 
11.2 National ICT Australia 
Numerous sources of funding were sought during the preliminary application 
process for my PhD prior to the successful submission for the Australian 
Postgraduate Award (APA). National ICT Australia (NICTA) offered a 
supplementary (top-up) scholarship contingent upon my receiving an APA, 
consisting of financial aid, optional commercialisation training and a NICTA-based 
advisor (Dr Ricky Robinson). NICTA is the largest research organisation in 
Australia dedicated to ICT research. An agreement between the candidate and 
NICTA has since been ratified after contractual revision through Alexander 
Steward of QUT’s Division of Research and Commercialisation. NICTA is also a 
co-sponsor of the Smart Futures Fellowship program of research. 
11.3 Climate Smart Home Service  
My research collaborates with Department of Energy and Resource Management 
(DERM) thanks to a memorandum of understanding finalised in May 2010. DERM 
offers access to Climate Smart Home Service (CSHS) household data, through its 
existing relationship with Local Government Infrastructure Services (LGIS, the 
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company administering the CSHS and related data for DERM), and supports the 
planned case study into energy monitoring using consenting households 
participating in the CSHS program. 
11.4 CitySmart Pty Ltd 
CitySmart is a Brisbane City Council Company created to make Brisbane 
Australia’s most sustainability city. CitySmart are “… the common thread between 
business, community, the Government and Brisbane City Council to forge 
powerful partnerships to get real results.” Through partnering with CitySmart my 
research has access to CitySmart events and event space. Previously this has been 
used to display Urban Informatics research and to approach potential research 
participants with short questionnaires. 
11.5 GV Community Energy 
During 2010 I received a phone call from a GV Community Energy representative. 
The company was in the process of applying for a second grant from the Victorian 
Government to extend their already successful activates. At that point the 
company had helped elderly Australians living in rural and remote areas purchase 
(as a collective), install, and operate PV solar panels. As part of the grant 
application process GV Community Energy wished to find experts they could 
source a report from, detailing future trends, and also providing an analysis and 
recommendation for energy monitoring (including production) equipment.  
 
An agreement was reached, and as a result $20000 was provided to carry out the 
research and prepare the report. For this effort the relevant expertise was sought, 
including myself, my supervisor Assoc. Prof. Marcus Foth, Dr Markus 
Rittenbruch, Iain Scott (an experienced electrical engineer), and Petromil Petkov. 
This report was successfully delivered and parts are included in chapter 6.  
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11.6 2 Save Energy Ltd t/a OWL 
During the first six months of 2009, the company ‘2 Save Energy’ was approached 
with possibility of research collaboration beneficial to both parties. 2 Save Energy 
is the leading supplier of real-time domestic power monitoring technology in the 
United Kingdom, with over 350,000 installations worldwide in 2010. 2 Save 
Energy are also the manufacturers and distributors of the ‘OWL’, an in-situ 
wireless real-time energy monitor currently provided to Queensland residents as 
part of the Queensland State Government’s CSHS program. After correspondence, 
2 Save Energy signed on as a research collaborator, providing engineering and 
software assistance to discuss technical matters relating to the OWL, and also 
providing pre-production models of their newest devices. This partnership also 
allowed access to the OWL API (Application Programming Interface) for future 
development purposes. A ZigBee smart energy compliant smart electricity meter 
was promised in the latter half of 2010, but was never released.  
 
A QUT ‘Strategic Links with Industry’ grant with 2 Save Energy was awarded in 
2009. The successful submission provided my research with $10,000 ($5000 from 2 
Save Energy matched by QUT). This money was used to conduct a research 
project with Petromil Petkov resulting in the development and testing of 
EnergyWiz. 
11.7 Research Interns from the CDTM 
Petromil Petkov visited the QUT Urban Informatics Research Lab as part of the 
completion requirements for his Master degree with the Centre for Digital 
Technology Management (CDTM) at the Technical University of Munich (TUM). 
As a result of Petromil’s research, EnergyWiz was developed during 2010. During 
Petromil’s internship in Brisbane I provided co-supervision, mentorship, extensive 
literature recommendations and direction for the research agenda. Petromil and I 
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have since published in an IEEE special issue and at CHI (R. C. Medland, Foth, & 
Petkov, 2011; Petkov et al., 2011).  
 
As part of the same program as Petromil, Daniel Filonik visited the lab during 
2011. During Daniel’s internship my role was similar though co-supervision was 
also provided by Dr Markus Rittenbruch who is a more experience researcher 
developing interfaces for multi-touch devices. The result of the internship was the 
development of the Dashboard, which forms part of study 2 and 3 of my research. 
Daniel and I continue to collaborate and plan to publish the findings of my work 
later this year. 
11.8 CurrentCost  
In 2010 through links with the Australian distributor (SmartNow Pty Ltd, based in 
Perth) for CurrentCost energy monitors, Assoc. Prof. Foth organised a 
collaboration with my research. The reasoning behind this collaboration with 
another energy monitor manufacturer related to the limited functionality of the 
OWL energy monitor and the inefficiency with which data from the device was 
made available on other platforms. The OWL required an always-on computer 
with an OWL USB connect. Data was output to a Microsoft Excel file and no 
provisions for further interaction or upload were provided. When the 
collaboration with 2 Save Energy expired, CurrentCost were chosen as a suitable 
replacement, matching the criteria required for future case studies. SmartNow and 
CurrentCost agreed to lend 30 ENVI-R real-time energy monitors, additional 
clamps and transmitters for monitoring inverters connected photovoltaic cells, and 
30 Ethernet bridge units. All of this support was provided without cost. This 
collaboration enabled me to conduct study 2 and 3, thanks to the Internet-enabled 
nature of the ENVI-R units when connected to the accompanying Ethernet 
bridges. The value of this collaboration as a contribution to my research cannot be 
overstated.  
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11.9 QUT Sustainability Group 
My case study involving paper usage has the support of the QUT sustainability 
group, who manage sustainability initiatives within QUT. The group’s support 
entails access to data and specific personnel (Julia Callaghan, Michael Flynn) for 
assisting in the revision of particular aspects of project planning involving QUT. 
Julia and Michael were both of great assistance to my paper case study research 
and very open to sharing their time. Beyond this, my research also received 
support from Alison Davis, the manager of ITS in the Synergy building. Alison’s 
support meant that I was able to gain access to this location and conduct my 
research there.  
11.10 Digital Enterprise Research Institute 
As part of my research I published an article discussing study 1 and my initial 
findings (Medland, 2010). Dr Ed Curry from DERI and his PhD student Souleiman 
Hasan read my publication and made contact regarding a replication study. The 
agreed upon collaboration examined the prospect for future work that I identified 
in my publication, using the persuasive technology to specifically address teams. A 
successful 58-week study was conducted (see chapter 5) and the findings are also 
due to be published in late 2012.  
11.11 GreenLancaster 
In 2010 I visited Lancaster University as part of a meeting organised by the then 
CEO of 2 Save Energy David McTurk. Whilst there, I met Darren Axe, 
GreenLancaster lead, who explained the large-scale infrastructure installed as part 
of a trial of 2 Save Energy monitors. On my first visit, 58 flats were monitored. 
During our meeting, Darren and I agreed to converse in the future and collaborate 
if possible.  
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In 2011 I visited Lancaster University again to meet with Darren and to begin a 
user study for EnergyWiz. It was a natural fit as EnergyWiz employed the data 
that the installed infrastructure at the sites provided. Throughout the course of the 
experiment Darren has been providing excellent support and at no cost. In the 
future an academic at Lancaster University, Philomena Bacon has expressed 
interest in perusing further experiments using EnergyWiz or other persuasive 
technologies we develop. 
11.12 Apple University Consortium 
As part of my work with the Dashboard a pilot study was conducted using five 
iPad 2’s provided by the Apple University Consortium (AUC). The AUC provided 
these tools free of charge as part of their Seeding Equipment program for a three-
week period enabling us to effectively test the first Dashboard prototype. The 
application process and communication throughout with Andrew Jeffrey was 
excellent. In addition to this, a follow-up interview was provided to the magazine 
“Wheels for the Mind” in May 2012 with David Braue regarding the findings of 
the Dashboard trial.  
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12 Appendix C: P1 Interview 
12.1 Approach Questionnaire  
Phase 1 - Introductions 
- Thank approached people for their time, explain average time and 
understanding for the need for expedience. Give them opportunity to ask 
any questions. 
- Ask for the participant to give a brief description of their job role.  
 
Phase 2 – Questions 
Format:  
- Question on the research area 
o Elaboration on significant aspects 
 
Questions: 
Assess Printing Norms 
- In a week where you don’t need print how many pages on average would 
you say you might print?  
o In a week where you need to print a lot of documents how much might 
you print?  
o What is likely to cause you to print? 
- What do you view as unnecessary printing?  
o Yes: Can you give me an example where you might have printed 
unnecessarily in the past 
- Would you like more direct information on your printing and the impact it 
has? 
o Yes: What type of information would you like to receive? 
- What behaviours have you instituted to reduce the amount you print?  
o Yes: Can you tell me more about that? 
- What are the major responsibilities of your job role that cause you to print? 
o Yes: Can you expand upon this aspect of your printing  
o Grants/Contracts. Legal requirements for paper copies of some 
documents 
- Do you see it as legitimate to reuse old paper if it has been printed on a 
single side? 
- When completing a workflow do you use PDF transfers or physical 
document transfers? 
 
Assess Building Norms 
- What do you think of the layout employed in the synergy building? 
- How did the communal lunch culture come about? 
- Do you think about the energy star rating of this building? 
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- Where is the energy rating visible? 
Phase 3 – Wrap up 
- Discuss next steps – methods of contact and projected timelines. 
- Provide information on how the information just given may help the 
development of the research and work associated with it. 
- Thank the person for their time.  
- Good-bye. 
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13 Appendix D: E2 Interviews 
The first interview found in Appendix F was used as part of E2.  
13.1 Post-Study Questionnaire 
System Usability 
 
Did the system work as you expected? (If no, how did it differ?)  
 
Did you encounter problems or errors? 
 
Was the documentation clear? (If no, which parts were unclear?) 
 
Was the role of the website and the application clear? (Was it clear how they are 
connected?) 
 
Did you understand the key concepts: services, streams, widgets? (Was it clear 
how they interact?)  
 
Did you feel confident to make changes to the Dashboard? 
 
Did you authorize services (Twitter, Flickr, Foursquare) to access your personal 
information? (If no, why not? Was the "uitester"-account a problem?) 
 
 
What were the 3 most enjoyable features of the Dashboard?  
What were the 3 least enjoyable features of the Dashboard? 
 
 
How difficult did you find the following tasks? (Scale: Easy/Medium/Hard, 
Comment: Why?) Dashboard website: 
- Login (Authentication) 
- Managing Friends 
- Authorizing services 
- Adding/Removing streams 
- Sharing streams 
 
Dashboard application: 
 
- Accessing/Viewing the dashboard 
- Switching between View and Edit modes 
- Adding/Removing widgets 
- Moving widgets 
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- Scaling widgets 
- Widget Configuration (without website interaction) 
- Widget Configuration (with website interaction) Were you satisfied with 
the system? 
  
Usage Patterns and Context 
 
How did you use the system? (Open Question. Collect stories.)  
 
Did you find the system useful? (Why?/Why not?) 
When did you use the system? (Part of daily routine./During spare time. Etc.)  
 
Where did you use the system? (At home, living room, kitchen, bed. At work. 
Etc.) 
 
What was the primary motivation for using the system? (Checking a certain 
widget./Entertainment, passing time.) 
 
What portion of time did you spend viewing (information retrieval) versus editing 
(configuration/customization)? (Roughly, X% viewing/Y% editing) 
 
Did you like the premise of combining different streams of information on a single 
display? (Did you find it useful?) 
 
Which streams/widgets did you find most useful/interesting?  
 
Which streams/widgets did you find least useful/interesting? 
 
Were you using the system by yourself or with other household members? 
(Which household members used the system? How did you interact?) 
 
Did you interact with other users online (become friends and share streams)? 
(Which streams did/didn't you share? Why? Was the "uitester"-account a 
problem?) 
 
Was it useful/appropriate to have the Dashboard display on a tablet device? 
(Would you prefer to see this information displayed in a different way?) 
 
Energy Monitoring 
 
Was the system useful for monitoring energy data? (Was the provided 
visualization understandable?  
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Was the information sufficient/useful for reasoning about your energy 
consumption?) 
 
Was the system useful beyond monitoring energy data? (List things the system 
enabled you to do.)  
 
Can you estimate your last weeks energy consumption? 
Can you sketch your energy usage on a typical day? 
 
Were you able to identify potential energy savings? (How did the system help?) 
 
Do you know more about your households energy consumption? (What did you 
learn?) 
 
Did the interaction with the system differ from your previous energy monitoring 
solutions?/How? 
 
Suggestions 
 
What would lead you to use the system more?/Under what conditions would your 
usage increase?  
 
How would you improve the system?/What would you like to see improved? 
 
Are there any streams/widgets you would like to see added? 
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14 Appendix E: Department of Energy and Resource 
Management Research Results 
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15 Appendix F: Brisbane Case Study Interviews 
15.1 Interview part 1 – Brisbane case study 
For some of this interview I’m going to be asking you some questions and I’d like 
to you to try and think of your responses on a one to five scale.  
 
Where one means: not at all/never 
Two means: a little bit 
Three means: sometimes/about half the time/50% 
Four means: most of the time 
And five means: a lot/all the time 
 
I’ve printed out the scale with the colours used throughout. You can use it as a 
reference.  
 
If they have the CSHS: Why did you get the CSHS? 
 
When you got the CSHS, which parts of the service did you get? 
- did you get your light bulbs replaced; new shower head fitted? 
- did you get any advice on how to save energy? 
- did you get the rebate from the BCC? 
- How long ago did you get the service? 
 
If they don’t have CSHS: why haven’t you gotten the CSHS? 
- how many energy efficient light bulbs do you have in your house? 
- What percentage? 
- Dimmer switches (no energy efficient lights)? 
 
How would you describe on the five point scale your level of experience managing 
with energy monitors? 
- energy in your home? 
 
Do you know how many of your taps are water efficient? 
 
What devices around your home consume the most power? 
 
How often do you assess your energy consumption data? 
- How often do you get an electricity bill? 
- once a week 
- once a month 
- when I get my bill 
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Do you recycle anything in your household? 
- what proportion of your glass bottles 
- what proportion of your plastic containers 
- what proportion of your paper 
- Does your recycled rubbish build up, at the same rate as your regular 
rubbish? 
 
How likely would you be to offer advice to other on ways to save energy? Please 
use the five-point scale? 
- To people within your household?  
- People outside your household?  
- Have you? 
 
How important are these topics to you on a five-point scale: 
< Explain that these are topics for discussion rather than a judgement call, focus is 
on the nation as well as individual perspective> 
- Nuclear power plants 
- Reclaimed water 
- Global warming – if I said ‘climate change’ 
- Kyoto accords 
- Emission trading scheme 
 
Do you have any of the following sustainable technologies installed in your home? 
- Rain water diverter 
- Tank water 5-15 thousand litres, 16-25 thousand litres, 26 thousand or 
more 
- Recycling bin, green waste bin/green top bin 
- Solar hot water 
- Photovoltaic  
- Do you reuse your washing machine water? 
 
Do you pay your energy provider to offset a percentage of your power by using 
renewable sources? If so, what percentage? 
- No 
- No my energy provider does not provide this service 
- Was not aware it was available 
- Yes – my energy provider is 100% green 
- Yes – 5-25%, 26-50%, 51%-75%, 76%-100% 
- I don’t know 
 
Do you use sustainable transport options such as (bicycle, foot, public transport)? 
- Do you do it primarily out of concern for the environment? 
 
CSHS QN: PG6 Do you use the monitor to check temp/time/date? 
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Have you programmed in the correct price for your monitor for tariffs and 
changes? 
 
Does the monitor still work? 
 
Do you feel that the monitor is effective in helping you understand your energy 
usage? 
 
Do you feel that the monitor is effective in increasing knowledge and 
understanding of household energy use? 
- do you think it helped to reduce your energy consumption? 
 
Do you still use the monitor? 
- if so: how frequently? 
- Still use on a frequent basis – what are the top three activities that you are 
using the monitor for? 
- Still use on an occasional basis - what are the top three activities that you 
are using the monitor for? 
- Used to use it but since stopped – how long ago? 
Do you feel that your use of the monitor has changed over time?  
<have your major uses of the monitor changed since day one, month one, to 
month four or five> 
- Has your use increased? Or decreased? 
 
Do you have a top suggestion for improving these monitors? 
 
END INTERVIEW 
 
Instructions 
I’d like for you to take a photo of where you first set up the energy monitor. As 
you can no doubt see, the monitor is sort of tied to your router or modem due to 
the cable requirements for the bridge. 
 
If you move the monitor I’d also appreciate a picture of where you place it. 
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15.2 Interview part 2 – Brisbane case study 
What impact, if any, do you think the energy monitor has? 
Has had an impact:  how high was the baseline? 
No impact:   did you want to? What were the barriers? 
What stopped you? 
 
Probable follow-ups for later questions: I think that you may have already 
answered this briefly or touched on this… But – then question.  
 
For first-time users: I want you to think back to your first interactions with the 
device when we installed it.  
- Can you explain to me the steps you went through in gathering 
information about what was using electricity in your (attempt to give 
relevant context: kitchen, study, lounge room)?  
- Do you feel as though you could teach the process to others?  
o Yes: What do you think is the most natural way to teach this to others? 
What methods/how would you use to teach them? For example, would 
you get them to do it for themselves?  
 
Describe the efforts you made? 
- Lighting/cooking/cleaning specific 
- What changes have you made based upon the feedback delivered by the 
energy monitor? 
- Do you recognise having made any behavioural changes? Such as switching 
off lights. 
- I am looking to understand specifically what behaviours account for your 
reduction in energy use. 
 
Do you feel that everyone is equally involved with energy monitoring around the 
home? 
- Yes/no: does everyone have the same role? 
- No: Can you explain that further? Why do you think you are the most 
involved? 
- Has there been any conflict or friction between family members?  
 
What have you done differently since you got the monitor? 
- Could you describe that in more detail? 
- Have there been any discussions about how you’ve been using your energy 
or the energy monitor? 
- Have you noticed any changes in your behaviour or attitudes towards 
energy? 
 
How often would you say you look at the monitor in a: day, week, month? 
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- What are you looking for when you check? 
- Do you ever glance at the monitor? If so what is the key piece of 
information you search for first? 
- Was there a particular metric that you used the most? 
- What was the role of the other metrics?  
 
Have you made use of the Internet and website features of the energy monitor? 
- What was your motivation for using the website? 
- Were there particular times of day when you looked at the website or 
particular patterns you looked for? 
- How often did you visit the website? Did you use the tracking URL 
provided? 
- What were the best and worst parts of this experience?  
- If I took the display away, do you feel the graph would take it’s place? 
- How might we represent a weeks worth of daily data in one graph? 
 
When considering the website, do you think you might like to benchmark or 
compare your own home to those of others? 
- Look for them to comment on criteria that would make other homes 
suitable for comparison. 
- Would this motivate you to conserve more energy? 
 
As a home owner/renter: do you feel it’s your responsibility to manage how much 
power the house uses? 
- Why?  
- Why not? 
 
When we think about the appliances in your house, which do you think use the 
most energy?  
- Has your opinion changed since you installed the energy monitor? 
- When you use “big” appliance do you ever look at the energy monitor? 
 
Do you use the energy monitor as a guide for your actions? 
 
Do you ever use the monitor as a green/red light to use other devices in your 
home? 
 
Have you taken any steps to lower standby power? 
- Why? 
- Why not? 
 
I’m going to ask a question about phantom power and energy detectives: these 
mean that you track down what’s using power actively, looking to discover the 
mysterious consumers of power within your house. 
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Have you tracked phantom power? Or played the “energy detective”? 
- Anecdotes you can share – things that have changed in your household? 
 
Changes you’ve made to the technology you have? 
 
Solar people – how much money your equipment is making? 
 
If they haven’t got the CSHS: have you now considered getting the CSHS? 
 
Do you use much social media, such as Facebook? 
- Twitter? 
- Foursquare?  
- How often do you check these sources?  
 
Do you read any comics or regularly check the weather? 
 
Public scrutiny – mutual awareness of living conditions, interpretive capacity, link 
to number of people in the household. 
 
If we think about sharing your energy data with others, do you feel as though you 
would be comfortable sharing with strangers? Why/why not?  
 
Would you share with family members or close friends? Facebook friends? 
 
END INTERVIEW 
